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This dissertation consists of three essays that investigate consumers’ response to 
technologies that mitigate food safety risks: cattle vaccines against E. coli and direct-fed 
microbials.  
The first essay examines the influence of information framing and issue 
involvement on perceptions of the two food safety technologies. This essay also 
examines the role of issue involvement on food safety perceptions. A hypothetical survey 
which includes six information treatments was developed, and targeted a representative, 
random sample of U.S consumers. Participants were exposed to general information 
about E. coli and the two food safety technologies, a gain-framed message, a loss-framed 
message, a media story to elicit issue involvement, or combinations of the media story 
and the gain-framed or loss-framed messages. Empirical findings show that issue 
involvement has an impact on perceptions of E. coli foodborne infections. Both loss-
framed and gain-framed messages were persuasive in shaping perceptions of vaccines 
against E. coli, and direct-fed microbials. 
The second essay determines consumers’ willingness to pay (WTP) for beef 
products from cattle treated with the two interventions, and examines the persuasive 
impacts of information framing and issue involvement on WTP for the two technologies. 
The hypothetical survey previously described also included a choice experiment to 
 
 
achieve the WTP objective of this essay. Results reveal that consumers preferred cattle 
vaccines as an attribute in ground beef to direct-fed microbials. The highest WTP for 
ground beef produced with these interventions was recorded among participants who 
received the loss-framed message, and the loss-framed message and the media story. 
The third essay identified ways of communicating food safety interventions using 
different labeling cues. A survey which targeted beef consumers in the state of Nebraska 
was developed, and asked participants to choose between ground beef with the standard 
label, and one that in addition to the standard label had a food safety label. Findings show 
that consumers are likely to choose a food label that makes positive but unsubstantiated 
claims of food safety than labels that support food safety claims.  
Overall, study findings indicate a market potential for food safety attributes, and 
suggest a tactful description of these attributes on food labels. 
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INTRODUCTION 
Foodborne illnesses due to virulent strains of E. coli bacteria (such as E. coli O157:H7) 
have received public attention because they can cause serious health problems such as 
kidney failure and paralysis, or even death. Many human cases of E. coli infections have 
been traced to the consumption of contaminated beef products. Coordinated beef industry 
measures to reduce E. coli contamination have concentrated on post-harvest interventions 
such as hot steam pasteurization and irradiation, but they have not led to the desired 
reduction in human E. coli illnesses. A more holistic approach would embrace 
interventions that also tackle pre-harvest contamination (i.e., before slaughter). 
Vaccinating cattle against E. coli and the inclusion of direct-fed microbials (DFMs) in 
cattle feed are two pre-harvest food safety technologies/interventions that have recently 
been shown to be effective in reducing E.coli contamination in beef products, and 
consequently human cases of infections.1 Typical of new interventions in the food 
industry, varying consumer opinions about their safety influence consumer perceptions of 
them. In addition, their effectiveness in reducing human cases of E. coli suggests a 
potential role for government to be involved in regulating or mandating their use. Thus, 
understanding consumer perceptions and attitudes towards these pre-harvest interventions 
can be an important factor in potentially evaluating their market success.  
This dissertation is comprised of three essays, and all three are related to food 
safety perceptions, and attitudes towards the new food safety technologies. The first 
essay, titled “Shaping Food Safety Perceptions: The Role of Message Framing and 
                                                 
1 See Matthews, L., Reeve, R., Gally, D.L., Low, J.C., Woolhouse, M.E.J., McAteer, S.P., Locking, M. E., 
Chase-Topping, M.E., Haydon, D.T., Allison, L.J., Hanson, M.F., Gunn, G.J. and Reid S.W.J. 2013. 
“Predicting the public health benefit of vaccinating cattle against Escherichiacoli O157”. Proceedings of 
the National Academy of Sciences of the United States of America, Vol 110 no. 40. 
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Involvement”, examines the influence of gain-framed and loss-framed messages as well 
as issue involvement (elicited from a media story) on perceptions of cattle vaccines 
against E. coli and direct-fed microbials. The study also examines the influence of media 
food safety stories on E. coli foodborne perceptions. To achieve these objectives, a 
hypothetical survey was developed which targeted a representative, random sample of 
2,999 residents across the U.S between July and August of 2015. Participants were 
recruited by GfK Global, a leading online survey firm.2 Yielding a response rate of 
62.7%, 1,879 observations were used in the study. To investigate the persuasive impact 
of information framing on perceptions and attitudes, the survey design involved six 
information treatments, with each treatment group comprising of approximately 300 
respondents. All groups received general information about E. coli infections in the U.S, 
and the efficacy of the two technologies in reducing human cases of E. coli illnesses. The 
first group which served as the control received only the general information. The second 
and third groups received gain-framed and loss-framed information, respectively, in 
addition to the general information. To examine the impact of issue involvement on 
consumers’ perceptions and attitudes, the fourth group in addition to the general 
information was exposed to information about the health impacts of E. coli infections, 
and a story from the New York Times about a young lady who suffered a severe form of 
an E. coli infection from a contaminated hamburger that left her paralyzed and at risk of 
kidney failure. The fifth and sixth groups received general information and the media 
story, in addition to either gain-framed information or loss-framed information, 
respectively. The study also examines the effect of trust in public and private entities as 
                                                 
2 Knowledge Networks’ recruitment and sampling methods provide a probability based on-line survey 
research panel (KnowledgePanel®) that ensures representativeness of the US population.   
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balanced sources of food-related information, as well as acceptance and familiarity of 
several production processes on food safety perceptions.  
 The second essay, titled “Consumer Willingness to Pay for Food Safety 
Interventions: The Role of Message Framing and Involvement” examines consumers’ 
willingness to pay (WTP) for ground beef from cattle treated with vaccines against E. 
coli, and direct-fed microbials. The study further evaluates the persuasive impacts of 
message framing and issue involvement on WTP for the two interventions. To achieve 
these objectives, the same survey instrument described in the first essay was used, which 
also included a hypothetical choice experiment developed to examine preferences for the 
two technologies. The choice experiment used four ground beef attributes; type, leanness, 
feeding management, and treatment. The levels for the treatment attribute were 
‘vaccinated against E. coli’, ‘fed direct-fed microbials’, and ‘no treatment’, while that of 
the type attribute were ‘organic’ and ‘conventional’. The choice experiments present a 
combination of attribute levels and a price under different alternatives. 
 In the third and final essay titled “Labeling Food Safety Attributes: To Inform or 
Not to Inform?”, we seek to identify effective ways of communicating food safety 
attributes, and examine attitudes and WTP for different food safety labeling cues, 
focusing on consumer response to vaccines against E. coli. We develop a hypothetical 
survey which targets shoppers from five grocery stores in Lincoln, Nebraska between 
December 2016 and January 2017. The survey which was designed using the Qualtrics 
software yielded a total of 445 participants. A key aspect of this survey asks participants 
to choose between ground beef with a standard label, and one that has a food safety label 
in addition to the standard label. We design three versions of the food safety labels, each 
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displayed to the left of the standard label, and randomly assign participants to only one of 
them. The first food safety label shows the phrase “Safer Choice” in a circle with a 
sentence below indicating that the product is “from cattle raised under strict health 
standards to ENHANCE beef safety”. The second food safety label also shows the same 
“Safer Choice” phrase, but has a more detailed description, that the ground beef 
originates “from cattle VACCINATED against E. coli to reduce the risk of illness”. The 
third food safety label uses a similar description as the second. The difference, however, 
is that it shows the word E. coli in a red circle with a slash through, to indicate that the 
product is “free” from E. coli bacteria. We examine WTP premiums among participants 
who choose the ground beef with the additional food safety label. We also investigate 
opinions about the government’s role in regulating and labeling beef products with the 
vaccine attribute.   
 Results show that loss-framed and gain-framed messages influence perceptions of 
the two food safety technologies, although the loss-framed message is found to be more 
persuasive. We also find that concerns about E. coli food perceptions were heightened 
among participants in the high involvement group (those exposed to the media story). 
Participants exposed to the loss-framed message, or the combined loss-framed message 
and the media story have the highest WTP for ground beef with the two food safety 
attributes, affirming the persuasive influence of loss-framed messages. Results show a 
higher premium price for ground beef with the label that makes an unsupported claim of 
food safety, than those that validate the food safety claim.  
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ESSAY 1: SHAPING FOOD SAFETY PERCEPTIONS: THE ROLE OF 
MESSAGE FRAMING AND INVOLVEMENT 
 
Abstract 
The study examines the influence (and potential confluence) of issue involvement and 
message framing on consumer food safety perceptions. Specifically, we assess the impact 
of gain and loss-framed messages and issue involvement on consumer perceptions of two 
food safety enhancing technologies, cattle vaccines against E. coli and direct-fed 
microbials. We also examine the role of issue involvement on food safety perceptions. 
The influence of factors like trust in public and private entities as balanced sources of 
food safety information, perceptions and acceptance of various food production methods 
and demographic characteristics on food safety perceptions are also examined. A survey 
instrument was designed to achieve study objectives, with a nationally representative 
sample of participants randomly assigned to one of six information groups. Empirical 
results from ordered probit models show that issue involvement heightened concerns 
about the risk of foodborne infections and the persuasive influence of the loss-framed 
message. In addition, both loss-framed and gain-framed messages were persuasive in 
influencing safety perceptions of cattle vaccines and direct-fed microbials. Results also 
show that trust in some public and private entities influenced perceptions of the two 
technologies, and perceptions of foodborne illnesses. Study findings suggest the 
effectiveness of communicating new food safety technologies in terms of benefits gained 
or forgone, and through institutions highly trusted by consumers.  
 
Keywords: food safety; risk perceptions; E. coli; message framing; animal vaccines; 
direct-fed microbials. 
 
1.  Introduction 
Food safety remains an issue of concern among consumers, evidenced by the swift 
consumer reactions during outbreaks of foodborne illnesses.3 Even though consumers 
expect and demand safe food, their perceptions of and attitudes towards technologies that 
                                                 
3 Examples include the 1996 cyclospora outbreak which was wrongly attributed to California strawberries 
that, nevertheless, depressed strawberry demand and sales by $20 million to $40 million (Powell 1998). In 
another instance, the Food and Drug Administration’s (FDA) announcement of an E. coli O157 
contamination in bagged spinach in September 2006 quickly froze the marketing of spinach; there were no 
sales of spinach in the US for five days following the outbreak, and no sales for an additional ten days in 
California, a main producing area (Calvin 2007).  
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could improve food safety can be divergent and influenced by multiple factors. 
Consumers’ cultural worldviews, implicit biases and unique predispositions, prior 
knowledge, risk perceptions, religiosity, trust in government and scientists as well as the 
information available to them have all been shown to influence attitudes towards new 
technologies (Gaskell et al. 1999; Gaskell et al. 2004; Pennings et al. 2002; Kahan et al. 
2009b; Kahan, Jenkins-Smith, and Braman 2011; Schroeder et al. 2007). Among the 
above factors, information is of particular interest as it could be ‘shaped’ by the 
developers, adopters and/or promoters of the new technologies to induce desired 
consumer behaviors.4  
The effect of the type and source of information on consumer food safety 
perceptions and attitudes has been examined in a number of studies. Schroeter, Penner 
and Fox (2001) show that providing consumers with information that emphasizes the 
benefits of a food safety technology can change risk perceptions and induce a positive 
buying behavior. Fox, Hayes and Shogren (2002) examined the influence of the type 
(positive versus negative) and the source (scientific versus consumer advocacy group) of 
information on consumers’ attitudes towards irradiated food products. They found that 
positive information from a scientific source increased, and negative information from a 
consumer advocacy group decreased the willingness to pay (WTP) of shoppers who 
received only one of these information types, while WTP among shoppers who received 
both types of information decreased. Dillaway et al. (2011) investigated the sustained 
impact of food safety messages by providing positive media information about a lesser 
                                                 
4 Information can also be shaped by critics of new technologies. For example, Greenpeace has waged a 
campaign against GMOs, noting scant scientific evidence regarding their environmental and health impacts 
(http://www.greenpeace.org/international/en/campaigns/agriculture/problem/genetic-engineering/) 
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known chicken brand, and information on the food safety risks present in a popular 
chicken brand. Conducting experimental sessions over the course of several weeks and 
without repeating the information provided in the first session, they reported that the 
group that received negative information consistently paid less for the leading brand of 
chicken while those in the positive information group were willing to pay a higher price 
for the lesser known brand of chicken.  
Interestingly, it is not just the content of information that has been shown to 
influence beliefs and behaviors but also the way information is framed. The effect of 
information framing, also known as message framing, is achieved when beliefs and 
behaviors are affected by the presentation of information in a manner that is logically 
unrelated to the content (Kahan et al. 2009a). While information can be framed in many 
different ways, ‘gain’ and ‘loss’ message framing has received a lot of attention in the 
literature following the work of Kahneman and Tversky (1979) that led to the 
development of prospect theory. According to prospect theory, when individuals face 
risky outcomes, they place greater weight and are more sensitive to losses than to gains of 
the same magnitude, suggesting that messages framed as losses can be more impactful 
than messages framed as gains.  
Although research findings support the influence of gain and loss framed 
messages on perceptions and attitudes, there is lack of consensus in the literature as to 
which framing is more impactful, suggesting that their persuasive influence depends on 
the issue being considered. In the domain of health for example, Gallagher and Updegraff 
(2012) found that gain-framed messages had a stronger persuasive influence in fostering 
preventive behavior against illness, such as cessation of smoking and promoting physical 
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activity, than loss-framed messages. In contrast, Abhyankar, O’Connor and Lawton 
(2008) concluded that loss-framed messages induced a stronger intent to vaccinate 
children. Similarly, Meyerowitz and Chaiken (1987) reported that loss-framed messages 
had a stronger persuasive effect in encouraging voluntary breast self-examination.  
In addition to message framing, issue involvement, that is, how connected 
individuals are to an issue under consideration (Petty and Cacioppo 1979), has been 
shown to reinforce the persuasiveness of message framing and influence perceptions and 
behavior. In a study that examined the impact of information and issue involvement on 
health issues, Maheswaran and Meyers-Levy (1990) exposed one group of their college 
student sample to information about the risk of coronary heart disease for individuals 
under 25 years. This group was the high involvement group. Those in the low 
involvement group were provided with information about the high risk of coronary heart 
disease among older people. Both groups then received information about the benefits 
that could be gained or lost from choosing to test or not test, respectively, cholesterol 
levels. The negative message framed as a loss was found to be more persuasive in 
encouraging testing of cholesterol levels among participants in the high involvement 
group. Ganzach, Weber and Or (1997) uniquely incorporated issue involvement in their 
study by putting participants in a real or artificial environment before information was 
provided. In the real environment the issue in the experiments directly concerned 
participants, while in the artificial environment the issue concerned people other than the 
participants themselves. The authors found that gain-framed information had a stronger 
impact in the artificial environment, but was less persuasive in the real environment, and 
this difference was attributed to issue involvement, which was higher in the real 
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environment than the artificial environment. Nan (2007) introduced the desirability of 
end-states concept in examining the impact of message framing and issue involvement on 
health-related behaviors.5 They found that when issue involvement was low (high), the 
gain-framed (loss-framed) message had a stronger effect in stimulating a positive intent 
towards the health behavior in the undesirable end-state. 
In the domain of food, Jin and Han (2014) examined the confluence of message 
framing and consumers’ subjective knowledge on food safety choices. The study did not 
consider gain and loss-framed information but rather provided information in the form of 
news articles with different captions. Self-reported prior knowledge was elicited using 
subjects’ responses about the extent of their familiarity to industrial beef tallow and “pus-
milk”. They found that respondents with greater subjective knowledge were less 
influenced by the information framing (in the captions), while for respondents with little 
subjective knowledge the framing effect was stronger.   
The main goal of this study is to examine the influence (and potential confluence) 
of issue involvement and message framing on consumer food safety perceptions. 
Specifically, the study examines the influence of gain-framed and loss-framed messages 
on consumer perceptions of two new food safety enhancing technologies. In addition, the 
study examines how issue involvement (which is elicited by providing information that 
includes a news media story) affects consumers’ perceptions of foodborne illnesses, and 
whether it reinforces the impact of message framing. The study further examines the 
                                                 
5 As explained by Nan (2007), a desired outcome from complying with a decision task is the desirable end-
state, and the unsuitable outcome from non-compliance is the undesirable end-state. For the desirable end-
state, the gain-framed information indicated the desired outcome from complying with the decision task, 
while the loss-framed information indicated the desired outcome forgone through non-compliance of the 
decision task. For the undesirable end-state, the gain-framed information showcased the undesired outcome 
forgone through compliance, while the loss-framed information communicated the undesired end-state to be 
faced through non-compliance. 
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effect of trust in public and private entities as sources of accurate food safety information, 
familiarity with, and acceptance of, food production technologies, and demographic 
variables on food safety perceptions. By considering the confluence between issue 
involvement and gain/loss message framing, the study extends the issue involvement 
literature to the domain of food safety as well as the food safety literature on the role of 
information on consumer beliefs and behaviors.  
Consistent with research findings showing that the effect of message framing is 
domain specific, our study focuses on food safety enhancing technologies in the beef 
sector that are introduced to mitigate E. coli O157 contamination and infections.6 The 
technologies considered are animal vaccines against E. coli O157 and direct-fed 
microbials (DFMs). Both interventions have been approved for use and have been shown 
to be effective in reducing the incidence of E. coli contamination in cattle; vaccines by as 
much as 80% (Hurd and Malladi 2012), and DFMs by 50% (Brashears 2012).7  In 
addition, Matthews et al. (2013) show that cattle vaccines against E. coli could reduce 
human cases of E. coli infections by as much as 85%. Despite evidence supporting their 
effectiveness, however, these technologies have received only limited adoption by beef 
producers (Callaway et al. 2009), partly due to cost concerns (Tonsor and Shroeder 
2015). Understanding the factors that affect consumer perceptions of these technologies 
is thus critical for their adoption by producers and their market success.  
                                                 
6 Many human cases of E. coli infections have been traced to the consumption of contaminated beef 
products as cattle are a major carrier of the E. coli bacteria (Griffin and Tauxe 1991; Mead and Griffin 
1998). Human infections by harmful strains of the E. coli bacteria, such as E. coli O157, can lead to 
dehydration, bloody diarrhea, abdominal cramps and in severe cases kidney failure or death. 
7 DFMs, which are a source of live, naturally occurring microorganisms that compete with the more serious 
form of E. coli in cattle, have been approved for use by the Food and Drug Administration (FDA), while 
vaccines against E. coli have been approved by the United States Department of Agriculture (USDA). 
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Study findings affirm the persuasive influence of both loss-framed and gain-
framed messages, with loss-framed messages having a stronger persuasive impact than 
gain-framed messages in influencing perceptions of safety for the two technologies. 
Results also show that issue involvement affected food safety perceptions by increasing 
consumer concerns of E. coli infections from beef consumption and reinforced the 
persuasive influence of loss-framed messages. Additional findings show that trust in 
public and private entities as food safety informational sources, as well as participants’ 
objective knowledge were important determinants of food safety perceptions.  
The rest of the study is structured as follows. Section 2 presents the experimental 
design, section 3 describes the survey data, section 4 specifies the models used in the 
empirical analysis, section 5 discusses the results, and section 6 concludes the study. 
2. Experimental Design and Information Treatments 
An experimental survey instrument with six information treatments was developed to 
achieve study goals. The survey included gain-framed and loss-framed messages, a media 
story, and combinations of the gain-framed and loss-framed messages with the media 
story. The nature of the survey was hypothetical8 and it was administered online by GfK 
Global, a leading survey firm with a 55,000 member probability-based panel 
(KnowledgePanel).9 A total of 2,999 individuals over 18 years across the United States 
were randomly selected to participate in the study between July and August, 2015, 
yielding 1,879 responses, a response rate of 62.7%. After accounting for incomplete 
                                                 
8 Given limited adoption of cattle vaccines against E. coli and DFMs by producers, beef products from 
cattle treated with these interventions are not differentiated or widely available in the retail market. 
9 GfK Global’s recruitment and sampling methods provide a probability based online survey research panel 
(KnowledgePanel®) (http://www.knowledgenetworks.com/ganp/docs/KnowledgePanel(R)-Design-
Summary.pdf). 
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responses, 1,842 observations were ultimately used in the analysis, representing a usable 
response rate of 61.42%. Sampling weights were applied to the data so that they were 
demographically representative of the United States population.10  
 Participants were randomly assigned to one of six information treatments, with 
each treatment group consisting of approximately 300 respondents. Those in the first 
information group, which served as the control, received only general information about 
E.coli and the two food safety technologies, cattle vaccines against E. coli and DFMs. In 
addition to the general information, participants in the second and third information 
groups, received gain-framed or loss-framed information, respectively. Participants in the 
fourth information group received general information along with a media story while 
those in the fifth and sixth information groups received general information, the media 
story, and gain-framed or loss-framed information, respectively. Figure 1 summarizes the 
information treatment design. 
 
 
 
 
 
 
 
 
                                                 
10 Survey data should be representative of the population from which it is sampled but respondents are 
rarely drawn from the population with equal probability. To account for under or over-representation of the 
sample, probability weights are used. Demographic factors incorporated in the sampling weights were 
gender, race, census region, metropolitan area, education, internet access and household income. 
13 
 
 
 
 
Figure 1. Information Treatment Design 
The general information discussed the impacts of E. coli infection as a health 
concern, and described the effectiveness of cattle vaccines and DFMs as two technologies 
that have been developed to reduce human cases of infections (see section I of the 
Appendix for a detailed description). The gain and loss-framed messages presented the 
same food safety information either as a benefit gained (gain-framed message) or a 
benefit forgone (loss-framed message), respectively. Precisely, the gain-framed message 
underscored the benefits gained in terms of a reduction in the risk of an E. coli infection 
by taking advantage of the two technologies, and was described as follows:  
When cattle are vaccinated against E. coli O157 or have DFMs included in their 
diet, human cases of E. coli infections can be substantially reduced (up to 80%). 
When you choose to consume meat products from cattle that have received either 
Treatment 1: Control
General information
(n1 = 306)
Treatment 2
General information
+
Gain-framed message
(n2 = 295)
Treatment 3
General information
+
Loss-framed message
(n3 = 304)
Treatment 4
General information
+
Media story
(n4 = 309)
Treatment 5
General information
+
Gain-framed message
+
Media story
(n5 = 312)
Treatment 6
General information
+
Loss-framed message
+
Media story
(n6 = 316)
Adult population (18 years +)
N = 1842
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of these treatments, you are reducing your risks of an E. coli O157 food infection. 
Even if you do not consume beef, you benefit from cattle being vaccinated or fed 
DFMs. The reduction of E.coli bacteria in cattle, decreases the environmental 
dissemination of E.coli into irrigation water and onto produce which reduces 
potential human exposure.  
On the other hand, the loss-framed information emphasized the opportunity forgone in 
reducing one’s risk of an infection by not taking advantage of the technologies (i.e., 
choosing to consume beef products from untreated rather than treated cattle), and was 
described as follows:  
When cattle are vaccinated against E. coli or have DFMs included in their diet, 
human cases of E. coli O157 infections can be substantially reduced (up to 80%). 
When you choose to consume meat products from cattle that have not received 
either of these treatments, you increase your risks of an E. coli O157 food 
infection. Even if you do not consume beef, you face greater health risks when 
cattle are not vaccinated or fed DFMs. The reduction of E.coli bacteria in cattle, 
decreases the environmental dissemination of E.coli into irrigation water and 
onto produce which reduces potential human exposure.  
Participants’ involvement to the issues examined was elicited in the survey by providing 
information about the statistics of foodborne illness and the health impacts of E. coli 
infections along with the following media story (for a full description, see section I of the 
Appendix):  
A story published by The New York Times in its October 3, 2009 edition reports 
the case of Stephanie Smith, a children’s dance instructor, age 22, who suffered a 
severe form of food-borne illness caused by E. coli O157:H7. The illness, which 
was traced to the hamburger her mom grilled for their Sunday dinner in early 
Fall 2007, left her paralyzed and at risk of kidney failure. 
The purpose of the information provided to elicit involvement (media story hereafter) 
was to emphasize that even young, healthy and energetic individuals face the risk of E. 
coli infections which could lead to grave health problems.  
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3.  Data and Descriptive Statistics 
The survey was used to gather data on a number of relevant variables. Data on 
participants’ objective and subjective knowledge of cattle vaccines and DFMs, 
knowledge and acceptance of other production practices, and perceptions of foodborne 
infections were collected. Jin and Han (2014) found that prior subjective knowledge of 
food safety influenced participants’ buying behavior, while Kahan et al. (2007) showed 
that public attitudes towards other technologies are good predictors of attitudes towards 
new technologies. Data on variables relating to acceptance of food production practices, 
trust in a number of private and public entities as sources of accurate food safety 
information, and risk perceptions toward other food technologies were also collected. 
According to Roosen et al. (2015), consumer trust is an important determinant of risk 
perceptions; those with strong trust in institutions tend to be less apprehensive about the 
risk of food production technologies. Tables 1 through 6 summarize these variables for 
all participants in the study. Tables 1, 2 and 3 are related to questions that were answered 
before participants were exposed to any information about E. coli and the two 
technologies. 
Table 1 provides descriptive statistics and a description of the knowledge related 
variables, perceptions of foodborne illness, beef consumption habits and demographic 
variables. On average, participants rated their knowledge of E. coli bacteria as little to 
moderate, indicating that many participants had limited knowledge of the bacteria. 
Subjective knowledge of animal vaccines and DFMs was low, and particularly so for 
DFMs. The low self-reported knowledge of animal vaccines was further confirmed by the 
small proportion of participants (approximately a quarter) who correctly answered in a 
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follow-up testing question that animal vaccines could be used in organic animal 
production, compared to participants who did not know or answered incorrectly. In 
contrast, more than 80% of respondents correctly answered the knowledge-testing 
questions that asked whether antibiotics or hormones could be used in organic animal 
production, compared to the remainder who answered no, or indicated they did not know.  
Table 1. Variables and Descriptive Statistics 
 Variable Description Mean Std 
Dev 
Subjective prior knowledge  
Knowledge of E. coli Knowledge of E. coli 0157, 1= nothing to 4 = a 
great deal 
2.23 0.78 
Knowledge of vaccines Knowledge of animal vaccine, 1= nothing to 4 
= a great deal 
1.79 0.81 
Knowledge of DFMs Knowledge of direct-fed microbials, 1= 
nothing to 4 = a great deal 
1.40 0.69 
Objective knowledge    
Organic antibiotic 1=yes, antibiotics can be used in organic 
production, 0 = no / I don't know 
0.16 0.37 
Organic vaccines 1= yes, vaccines can be used in organic 
production, 0 = no / I don't know 
0.27 0.45 
Organic hormone 1= yes, hormones can be used in organic 
production, 0 = no / I don't know 
0.073 0.26 
Beef Consumption & Safety 
Beef consumption Frequency of beef consumption, 1= frequent; 0 
= not frequent 
0.69 0.46 
Safe to consume It is safe to consume beef, 1= strongly disagree 
to 5= strong agree 
3.65 0.82 
Demographics    
Age Age, in years 47.16 17.2
8 
College  1 if subject has some college education or 
higher; 0 otherwise 
0.58 0.49 
Income Household income, in thousands  73.17 51.9 
White 1 if subject’s ethnicity is white; 0 if non-white  0.66 0.47 
Male 1 if subject is male; 0 otherwise 0.48 0.50 
Nearly 70% of participants consumed beef at least once in every two months, a 
proportion averaged from consumption habits for ground beef, steaks and hamburgers 
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consumed either at home or eating out.11 Participants on average gave a high rating 
regarding how safe they perceived it was to consume beef, even before any information 
about the interventions, or the media story to elicit involvement had been provided. The 
demographically weighted dataset compared very closely to 2014 U.S population census 
data. Approximately 48% of respondents were males, and about 65% were white. More 
than half of respondents (58%) had at least a college degree.  
Table 2. Acceptance of Food Production Processes 
 Acceptance ratings Mean Std Dev 
Organic production practices 3.65 1.00 
Use of vaccines in animal production 3.03 1.05 
Use of antibiotics in animal production 2.71 1.05 
Genetic engineering/modification of plants 2.58 1.11 
Food irradiation 2.57 1.01 
Genetic engineering/modification of animals 2.19 1.03 
Use of hormones in animal production 2.17 0.95 
Animal cloning 2.07 1.03 
Scale: 1 = totally unacceptable to 5 = perfectly acceptable 
Table 2 provides descriptive statistics concerning consumer acceptance of various 
food production processes. Participants were on average neutral with respect to the use of 
vaccine in animal production, with a mean of 3.03, and were on average disapproving of 
genetic modification, more so in animals than in plants. Participants also had a low to 
neutral acceptance of antibiotic use in animal production, and were on average 
                                                 
11 Rated on a scale of 1 to 5, consumption frequency for ground beef, hamburgers eaten at home, 
hamburgers eaten at restaurants and beef steaks were averaged. The beef consumption variable created is 
equal to 1 if this average is at least 2.5, otherwise equal to 0. 
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disapproving of the use of hormones as an animal production practice, as well as animal 
cloning. 
A summary of trust ratings for several private and public entities as sources of 
accurate and balanced food safety information is displayed in Table 3. The Food and 
Drug Administration (FDA), United States Department of Agriculture (USDA), Humane 
Society of America, American Medical Association and scientists at public and private 
universities were considered to be more trustworthy than News media organizations, 
National Producers Associations, McDonalds and Chipotle Mexican Grill 12 as accurate 
sources of food safety information. 
Table 3. Trustworthiness of Public and Private Entities 
Trustworthiness rating: Institutions Mean Std Dev. 
American Medical Association 3.28 1.00 
Scientists at public & private universities 3.13 0.96 
U.S. Department of Agriculture 3.12 0.99 
U.S. Food and Drug Administration 3.11 1.05 
Humane Society of America 3.02 0.99 
ABC News 2.68 0.98 
National Producer Associations 2.66 0.97 
The New York Times 2.65 1.00 
Fox News 2.54 1.13 
Chipotle Mexican Grill 2.43 0.95 
Tyson Foods 2.41 0.96 
McDonalds 2.17 0.97 
Scale: 1 = Not at all trustworthy to 5 = completely trustworthy 
                                                 
12 The survey was conducted before Chipotle Mexican Grill’s multistate outbreak of E. coli infections from 
October 2015 (https://www.fda.gov/food/recallsoutbreaksemergencies/outbreaks/ucm470410.htm). 
19 
 
 
Tables 4, 5 and 6 summarize participants’ responses following their exposure to 
their respective information treatment. Descriptive statistics for perceived health risks 
from E. coli bacteria and consumption of meat from animals treated with select 
production technologies are shown in Table 4. Health risks from E. coli bacteria was 
rated as moderate, at a mean of 3.03. With respect to other food technologies, irradiation, 
hormone use and animal cloning were rated as having slight to moderate health risk.  
Table 4. Risk Perceptions and Attitudes towards Food Technologies 
 Attitudes and Risks Mean Std. Dev 
Perceived health risks from:    
E. coli bacteria 3.03 0.96 
Eating meat from cloned animals 2.61 1.03 
Eating meat from animals treated with hormones 2.60 0.91 
Eating meat that has undergone irradiation 2.54 0.97 
Eating meat from animals treated with antibiotics 2.39 0.90 
Eating meat from animals treated with vaccines 2.23 0.90 
Scale: 1=Almost no risk to 4 = High risk 
To capture perceptions of foodborne illness, participants were asked how 
concerned they were, and their perceived likelihood of becoming ill from bacteria such as 
E. coli when consuming beef burgers. These questions were asked after half of 
respondents had been exposed to the media story, and the remaining half had received no 
information. As shown in Table 5, participants were slightly or somewhat concerned 
about an E. coli infection from hamburger consumption. The likelihood of becoming ill 
from bacteria such as E. coli when consuming hamburgers was rated low to moderate. 
However, both concerns and likelihood of an E. coli food infection were rated slightly 
higher among participants who read the media story, compared to those who did not.  
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Table 5. Concerns and Likelihood of E. coli Food Infections 
Perceptions of 
foodborne infections 
Read media story Did not read media story 
 Obs Mean Std Dev Obs Mean Std Dev 
Concern about E. coli 934 2.32 1.12 903 2.20 1.11 
Likelihood of E. coli 937 2.84 1.00 903 2.80 1.04 
Scale: 1 = not at all concerned to 5 = extremely concerned/1=very unlikely to 5=very 
likely 
Finally, having exposed all participants to one of the six information treatments, 
they were asked to rate the safety of meat products from cattle vaccinated against E. coli, 
and given DFMs, as summarized in Table 6. For both interventions, average ratings were 
generally high. The highest ratings were shared among participants who received the 
gain-framed and loss-framed messages. 
Table 6. Safety of Meat Products from Cattle Vaccinated against E. coli, and given DFMs 
 Control 
Gain-
framed 
Loss-
framed 
Media 
Story 
Gain-framed + 
media story 
Loss-framed + 
media story 
Cattle vaccinated 
against E. coli 3.52 3.65 3.66 3.46 3.59 3.62 
Cattle fed direct-fed 
microbials 3.39 3.54 3.50 3.31 3.49 3.45 
Scale: 1 = very unsafe to 5 = very safe 
As a note, participants were asked in the survey whether they had experienced a 
foodborne illness in the past year. Given that nearly all respondents (97%) answered that 
they had either not been sick or that they were unsure (as opposed to 3% who answered 
yes), this variable was not included in the analysis due to the obvious lack of variation in 
the response. 
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4. Empirical Specification 
4.1 Factor Analysis 
The factor analysis (FA) procedure was used to reduce the dimensionality of variables 
related to acceptance of food production processes, trustworthiness of various entities as 
sources of balanced food safety information, and risk perceptions of food technologies. 
The FA model is specified as:  
𝑥 =  𝛬𝑓 +  𝜂   (1) 
 
where x is a p x 1 vector of observed variables,  f is an m x 1 vector of factors which is a 
random component common to all original variables, 𝜂  is a p x 1 vector of specific 
factors and finally, 𝛬 is a p x m matrix of factor loadings. The common factor, f, is 
independently and identically distributed i.i.d. (0, 1), and the specific factor, 𝜂 is 
independently distributed with mean 0 and variance 𝛹𝑗 for j=1,…..,p. The covariance 
matrix of x is given as:  
𝛴 =  𝛬𝛬′ +  𝛹   
 
(2) 
𝛬 and 𝛹 are estimated using the covariance matrix, and achieved with the maximum 
likelihood procedure. In choosing the optimum number of factors, the eigenvalue greater 
than 1 rule was followed (Kaiser 1960).  
The FA procedure for all variables in Table 2 relating to acceptance of food 
production processes, excluding animal vaccines and organic production practices,13 
yielded only one factor which was named ‘accept technology’. The application of the FA 
procedure on the variables capturing the trustworthiness of public and private entities as 
                                                 
13 The impact of animal vaccines and organic production practices on the dependent variables of interest 
was assessed separately.  
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sources of balanced information yielded two factors. The FDA, USDA, Humane Society 
of America, American Medical Association, scientists at public and private universities, 
the New York Times and ABC News loaded heavily on the first factor in the FA 
procedure. Because these variables were also rated high as trustworthy sources of food 
safety related information as shown in Table 3, the first factor was named ‘high trust 
sources’. Conversely, the remaining entities and restaurant chains that loaded heavily on 
the second factor including Fox News, Tyson Foods, McDonalds and Chipotle Mexican 
Grill were among those rated low by respondents as trustworthy sources of food safety 
related information. Factor 2 was thus named ‘low trust sources’.  
The FA procedure was also used to condense variables in Table 4 related to 
respondents’ health risk perceptions and attitudes towards the food technologies shown. 
The procedure yielded one factor, and was termed “Risk from technologies”. Following 
the varimax factor rotation, the factor scores were predicted and subsequently used as 
explanatory variables in the ordered probit regressions. Results from the FA procedure 
for the different variable groups are displayed in section II of the Appendix. 
4.2 Probit Model 
The ordered probit model was used to determine the influence of involvement (captured 
by the media story), subjective and objective knowledge, trust, and demographic 
characteristics on perceptions of E. coli foodborne illness. The ordered probit model was 
also used to examine the impact of these variables as well as the gain-framed and loss-
framed messages on safety perceptions of animal vaccines and DFMs. In examining the 
impact of the media story on perceptions of E. coli food infections, two models were run. 
The first model considered participants’ concerns about an E. coli infection, while the 
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second model considered participants’ perceived likelihood of an E. coli infection, both 
from beef consumption. Two additional models were further run to determine the impact 
of gain-framed and loss-framed messages and the media story on safety perceptions of 
cattle vaccines and DFMs.  
 The specification of the ordered probit model follows Cameron and Trivedi 
(2010) and Wooldridge (2010), who defined yi as individual i’s response for integer 
values 1, 2, 3… J.  The ordered probit model for y given x is modeled from an 
unobserved latent variable y*. The vector xi is assumed to be relevant individual 
characteristics. For individual i, the latent variable is specified such that:  
𝑦𝑖
∗ = 𝒙𝒊
′𝜷 + 𝑢𝑖 , 𝑖 = 1,… . , 𝑛    
 
𝑢𝑖~ 𝑁(0,1) 
 
 
(3) 
 
where 𝛽 is a k x 1 column vector. Assuming unknown threshold values of 𝛼1 < 𝛼2 <
. . . 𝛼𝐽−1,  the relationship between the latent variable 𝑦𝑖
∗ and the observed variable 𝑦𝑖, can 
be defined as:  
𝑦𝑖 = 1    𝑖𝑓 − ∞ < 𝑦𝑖
∗  ≤  𝛼1 
𝑦𝑖 = 2    𝑖𝑓 𝛼1 < 𝑦𝑖
∗  ≤  𝛼2 
𝑦𝑖 = 3    𝑖𝑓 𝛼2 < 𝑦𝑖
∗  ≤  𝛼3 
⋮ 
𝑦𝑖 = 𝐽    𝑖𝑓 𝛼𝐽−1 < 𝑦𝑖
∗  ≤  ∞ 
 
 
 
(4) 
 
The threshold values are assumed to be unknown because the actual index that leaps an 
individual from one threshold to another is not known and is different for each 
individual. Since 𝑢𝑖 is distributed standard normal, the conditional distribution of y given 
x is derived from the probabilities as: 
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𝑃(𝑦𝑖 = 𝐽) = P(𝛼𝐽−1 < 𝑦𝑖
∗  ≤  𝛼𝐽) 
𝑃(𝑦𝑖 = 𝐽) = P(𝛼𝐽−1 < 𝒙𝒊
′𝜷 + 𝑢𝑖  ≤  𝛼𝐽) 
𝑃(𝑦𝑖 = 𝐽) = P(𝛼𝐽−1 − 𝒙𝒊
′𝜷 < 𝑢𝑖  ≤  𝛼𝐽 − 𝒙𝒊
′𝜷)                    
                           ⋮ 
𝑃(𝑦𝑖 = 𝐽) =  Φ(𝛼𝐽 − 𝒙𝒊
′𝜷) − Φ(𝛼𝐽−1 − 𝒙𝒊
′𝜷) 
 
(5) 
 
where Φ is the standard normal cumulative distribution function (CDF) of 𝑢𝑖. From the 
sample (yi, xi, i=1,…..,n), the log-likelihood function can be specified as:  
𝐿𝑜𝑔𝐿 =∑𝐼𝑛[𝑃(𝑦𝑖)] =   ∑𝐼𝑛[𝛷(𝛼𝐽 − 𝒙𝒊
′𝜷) − 𝛷(𝛼𝐽−1 − 𝒙𝒊
′𝜷)]
𝑛
𝑖=1
 
𝑛
𝑖=1
 
 
 
(6) 
 
The log likelihood function is maximized with respect to the β and the threshold 
parameters (𝛼1, 𝛼2, . . . , 𝛼𝐽−1) through an iterative procedure in order to arrive at the 
maximum likelihood estimates (MLEs). The sign of the parameters β in the ordered 
probit regression gives an indication of the direction of the latent variable 𝑦𝑖
∗, and 
whether it increases or decreases with a regressor. The more informative marginal effects 
indicate the change in probability of choosing an alternative when the predictor variable 
changes by one unit. The marginal effect of the probability that option j is chosen when a 
predictor variable (continuous predictor) xr changes is expressed as:  
     
𝜕𝑃(𝑦𝑖 = 𝑗)
𝜕𝑥𝑟𝑖
= [ Φ(𝛼𝑗−1 − 𝒙𝒊
′𝜷) − Φ(𝛼𝑗 − 𝒙𝒊
′𝜷)]𝜷𝑟 , 0 < 𝑗 < 𝐽  
       
 
(7) 
 
The marginal effects for all regressions are reported and are evaluated at the mean of the 
predictor variables for the last response category using the margins argument in Stata 14 
(2015). 
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5. Results and Discussion 
We first test whether participants in the six treatment groups have similar demographic 
characteristics. If they do, we can attribute any observed differences in responses among 
the groups to differences in the information they received. The Pearson Chi-square test 
and the one-way analysis of variance (ANOVA) for discrete and continuous variables, 
respectively, were used to test observed differences among the information treatment 
groups across key demographic variables. The information treatment groups were not 
significantly different from each other based on demographic characteristics such as 
ethnicity, education, gender, income and age (see section III in the Appendix). For this 
reason, observed differences in responses among the groups following participants’ 
exposure to their respective message framing can be attributed to the effect of 
information.  
5.1 Involvement, Concerns and Perceptions of E. coli illness  
Results from the first sets of the ordered probit regressions are presented in Table 7. As 
discussed in section 3, to determine the impact of involvement and its influence on 
participants’ concerns and perceived likelihood of an E. coli illness, the survey was 
designed such that half of all respondents were exposed to the media story before 
answering questions about their concerns and likelihood of an E. coli infection.14 In the 
two regressions, the impact of involvement is captured by a dummy variable, media 
story, which is equal to 1 for participants who read the story, and 0 otherwise. 
Other individual characteristics in the models include knowledge of food 
production technologies, the predicted factor scores about trustworthiness in public and 
                                                 
14 Participants had not been exposed to the other information framings at this stage. 
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private entities, beef consumption and safety perceptions, and demographic variables. 
The responses for the dependent variables range from not at all concerned to extremely 
concerned, and very unlikely to very likely. For both dependent variables, the 5 point 
ordinal scales were converted into 3 point ordinal scales by condensing the first two and 
last two responses into one category, a result of few responses at the tails (e.g., the 
dependent variable relating to likelihood of an infection had less than 10% of responses at 
each tail).  
Table 7. Ordered Probit Results: Concern about, and Perceived Likelihood of an E. coli 
Infection   
 
Concern about E. coli 
illness 
Likelihood of an E. coli 
infection 
 Marginal Effect  P>|z| Marginal Effect  P>|z| 
Subjective prior knowledge     
Knowledge of E. coli 0.0019 0.8120 0.0139 0.3420 
Knowledge of vaccines -0.0019 0.8220 -0.0360 0.0260 
Knowledge of DFMs  0.0138 0.1750 0.0279 0.1620 
Objective knowledge     
Organic antibiotic  -0.0443 0.0230 -0.0803 0.0230 
Organic vaccines  0.0129 0.3870 0.0029 0.9170 
Organic hormone  0.0570 0.0110 0.1109 0.0130 
Trust in institutions     
High trust sources  0.0154 0.0130 0.0145 0.1930 
Low trust sources  0.0121 0.0670 0.0039 0.7510 
Health Risk Perceptions     
Risk from E. coli  0.0263 0.0000 0.0495 0.0000 
Risk from technologies 0.0496 0.0000 0.0495 0.0000 
Acceptance of production methods 
Accept vaccines  -0.0100 0.1480 -0.0368 0.0050 
Accept organic  -0.0091 0.122 -0.0149 0.2000 
Accept technology  0.0030 0.7040 0.0125 0.3760 
Beef Consumption & Safety 
Beef consumption  0.0120 0.2930 0.0270 0.2100 
Safe to consume -0.0464 0.0000 -0.0547 0.0000 
Demographics     
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Age  0.0004 0.1650 -0.0002 0.7260 
College  -0.0208 0.0610 -0.0470 0.0220 
Income  -0.0003 0.0050 0.0000 0.9390 
White  -0.0503 0.0000 -0.0662 0.0020 
Male  -0.0130 0.2030 -0.0304 0.1120 
Information     
Media Story 0.0217 0.0260 0.0069 0.7080 
Wald Chi2 346.9200  205.6200  
Prob > Chi2 0.0000  0.0000  
 
Two of the objective knowledge variables were significant in both models, 
Organic antibiotic and Organic hormone. Participants who incorrectly answered that 
antibiotics could be used in organic production reported a lower concern and likelihood 
of an E. coli infection. This outcome can be attributed to a general lack of understanding 
of food production processes among such participants. On the contrary, participants who 
did not know or incorrectly answered that growth hormones could be used in organic 
production practices were approximately 6 percentage points more likely to be 
concerned, and 11 percentage points more likely to report a higher likelihood of an E. 
coli infection. Respondents who held a high trust in the accuracy of information from 
sources such as the USDA, FDA and scientists in public and private universities were 
more likely to report a high concern about E. coli illness.  
The two variables in the health risk perceptions segment, Risk from E. coli, and 
Risk from technologies (predicted from the factor analysis procedure using variables in 
Table 4) were significant at better than the 1% level in the two regressions. Participants 
who believed they were more at risk from E. coli bacteria showed greater concern, and 
were more likely to report a predisposition to an E. coli infection when consuming 
hamburgers. Likewise, participants who were apprehensive about the risks of meat 
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products that had undergone different food production processes such as irradiation, 
hormone use or animal cloning were approximately 5% more likely to be concerned, and 
with a similarly high perceived risk of an E. coli infection.  
Concerning participants’ beef consumption frequency and beef safety perceptions, 
those who were more confident about the safety of beef products were also less 
concerned, and more likely to report a lower perceived risk of becoming ill from E. coli. 
The Beef consumption variable was not significant in both models. A number of 
demographic variables were significant. Participants with a college education or higher, 
and Caucasians were likely to be less concerned, and perceived their risk of an E. coli 
infection from beef consumption as low. High income earners were less concerned about 
becoming ill from an E. coli infection compared to other income groups.  
Examining the impact of issue involvement which was captured by the media 
story, the dummy variable which captured this effect was positive and significant at the 
3% level for the model with concern as dependent variable. Respondents exposed to the 
media story were 2 percentage points more likely to report a heightened concern about an 
E. coli illness. The media story dummy was, however, not significant in the model with 
likelihood of becoming ill as a dependent variable. The generally low incidences of 
foodborne illness could possibly explain why the media story did not influence 
participants’ perceived likelihood of an infection. Although this can arguably justify why 
concern about E. coli infections should not matter, Petty, Cacioppo and Goldman (1981) 
note that high issue involvement increases the relevance of a subject matter.   
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5.2 Message Framing, Involvement and Attitudes towards New Technologies 
This sub-section explores the influence of the gain-framed and loss-framed messages, the 
media story, and a combined gain-framed and loss-framed messages with the media story 
on perceptions of safety of meat products from cattle vaccinated against E. coli, and fed 
DFMs. We also examine the effect of trust in public and private entities as balanced 
information sources, knowledge, and perceived risk of other food production practices on 
safety perceptions of animal vaccines and DFMs. It should be noted that all participants 
had been exposed to their respective information treatments before their perceptions of 
the two food safety technologies were elicited. In determining factors that influence these 
perceptions, two models were run; the dependent variables were safety ratings of meat 
products from cattle treated with vaccines, and from cattle fed DFMs, with results 
presented in Table 8. The first two and last two responses for both dependent variables 
were again combined to give a 3 point scale, given that approximately 10% of responses 
were at the tails of the categories. Information dummies were included in the model to 
capture the impact of each information treatment, relative to the control group.  
Starting with respondents’ subjective prior knowledge, those who were 
knowledgeable about E. coli bacteria were also more likely to rate beef products from 
vaccinated cattle as safe. A finding about respondents who claimed strong (self-reported) 
knowledge of DFMs was particularly surprising. Significant at the 1% level, such 
respondents were 7% less likely to rate meat products from cattle given DFMs as safe for 
each level on the scale. It is not exactly obvious why this might be the case, and may 
require further investigation. For objective knowledge, there appeared to be some 
skepticism about vaccine use among participants who incorrectly answered that growth 
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hormones could be applied in organic production; they were 17 percentage points less 
likely to rate meat products from vaccinated cattle as safe. A notable result was the 
positive and significant coefficients of the High trust sources variable at better than the 
1% level in both models. In effect, participants who were highly confident about the 
accuracy of information from public and private entities such as the USDA, FDA and 
scientist at universities, as well as popular media outlets such as the New York Times, 
were more likely to view meat products from cattle vaccinated against E. coli or fed 
DFMs as safe. This result is consistent with Roosen et al. (2015) who segmented 
respondents based on high and low trust for institutions and found that trust was an 
important factor in alleviating risk perceptions concerning the use of nanotechnology in 
food. 
Participants who perceived the health risks from E. coli bacteria to be high were 
also more likely to report that meat products from the two technologies are safe, although 
significant at the 6% level for the model related to DFMs. The Risk from technologies 
variable was significant in the two models at better than the 1% level. Participants who 
perceived a health risk from consuming irradiated meat, meat from cloned animals or 
animals treated with vaccines or hormones were 11% and 9% less likely to rate meat 
products from cattle vaccinated against E. coli, or given DFMs, respectively, as safe. This 
result is consistent with findings by Kahan et al. (2009b) who show that attitudes and 
opinions towards existing technologies inform consumer sentiments and reactions 
towards new technologies.  
Regarding acceptance of food production methods, participants who were 
approving of animal vaccines and organic production practices were also more likely to 
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rate meat products from cattle treated with either of the two technologies as safe. The 
predicted factor score that captured acceptance of other technologies (Accept technology) 
such as genetic modification, food irradiation and animal cloning was positive and 
statistically significant at the 5% level in only the model related to DFMs. For variables 
in the beef consumption and safety category, participants who were of the opinion that 
consuming beef products is safe, were 12% more likely to rate meat products from cattle 
treated with the two interventions as safe for each level up the scale. This may indicate 
some level of openness to beef products treated with the two technologies even among 
consumers confident about the safety of beef products. A number of demographic 
variables were significant in the model related to DFMs, while in the vaccines model, 
only the Age variable was statistically significant. Each year of age increased the 
likelihood of reporting that meat products from cattle treated with vaccines or DFMs are 
safe. Respondents with a college degree or higher were 8 percentage points more likely to 
report that meat products from cattle fed DFMs are safe. Males were also less likely to 
rate beef products from cattle treated with the two technologies as safe. 
Table 8. Ordered Probit Results, Safety Rating Of Beef Products Treated With the Two 
Technologies 
  
Safety of meat from 
vaccinated cattle 
Safety of meat from cattle fed 
DFMs 
 
Marginal 
Effect  P>|z| Marginal Effect  P>|z| 
Subjective prior knowledge     
Knowledge of E. coli  0.0515 0.0180 0.0354 0.0940 
Knowledge of vaccines -0.0055 0.8220 0.0197 0.3980 
Knowledge of DFMs  -0.0403 0.1380 -0.0715 0.0090 
Objective knowledge     
Organic antibiotic  0.0769 0.1760 -0.0860 0.1080 
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Organic vaccines  0.0419 0.3410 0.0981 0.0180 
Organic hormone  -0.1710 0.0100 -0.0736 0.2600 
Trust in institutions     
High trust sources  0.0781 0.0000 0.0680 0.0000 
Low trust sources  0.0066 0.6970 -0.0205 0.2430 
Health Risk Perceptions     
Risk from E. coli  0.0428 0.0060 0.0310 0.0570 
Risk from technologies -0.1118 0.0000 -0.0929 0.0000 
Acceptance of production methods 
Accept vaccines  0.0740 0.0000 0.0501 0.0070 
Accept organic  0.0355 0.0220 0.0366 0.0200 
Accept technology  0.0082 0.6970 0.0429 0.0270 
Consumption & Safety     
High beef consumption  -0.0162 0.5930 -0.0183 0.5440 
Safe to consume 0.1219 0.0000 0.1181 0.0000 
Demographics     
Age  0.0037 0.0000 0.0029 0.0000 
College  0.0305 0.2880 0.0782 0.0060 
Income  0.0002 0.4460 0.0001 0.6580 
White  0.0286 0.3290 0.0833 0.0040 
Male  -0.0432 0.1180 -0.0988 0.0000 
Information     
Loss framed message  0.1423 0.0020 0.1281 0.0050 
Gain framed message 0.1051 0.0170 0.1215 0.0050 
Media story 0.0144 0.7500 -0.0121 0.7830 
Loss framed plus media story 0.0941 0.0440 0.0467 0.2880 
Gain framed plus media story 0.0515 0.2450 0.0674 0.1210 
Wald Chi2  320.2200    336.6800    
Prob > Chi2  0.0000    0.0000    
 
In terms of the information treatments, both loss-framed and gain-framed 
messages were statistically significant and positive in both models, compared to the 
control group. A test for equality of coefficients, however, showed that the gain-framed 
and loss-framed information dummies were not significantly different from each other in 
either model. The media story was not significant in either model, although the loss-
framed message with media story was significant at the 5% level in the model related to 
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vaccines. Compared to participants in the control group, those exposed to the loss-framed 
information were approximately 14 percentage points and 13 percentage points more 
likely to report higher safety ratings for cattle vaccinated against E. coli, and given 
DFMs, respectively. Participants who read the gain-framed message were more likely, at 
10 percentage points and 12 percentage points, respectively, to rate meat products from 
cattle vaccinated against E. coli, and given DFMs as safe. Relative to the control group, 
participants who received both loss-framed message and the media story were 9.4 
percentage points more likely to rate meat products from cattle vaccinated against E. coli 
as safe. This finding is consistent with Maheswaran and Meyers-Levy (1990) and Nan 
(2007), who reported that loss-framed messages had a stronger persuasive impact when 
issue involvement was high. Overall our results support research findings that show that 
information framing can be persuasive in changing perceptions and attitudes (Meyerowitz 
and Chaiken 1987; Abhyankar, O’Connor and Lawton 2008; Dillaway et al. 2011; 
Gallagher and Updegraff 2012). Importantly, our findings demonstrate the persuasive 
influence of issue involvement, loss-framed and gain-framed messages in the domain of 
food safety, namely, on consumers’ perceptions of food safety technologies, and 
foodborne illnesses. 
 6. Conclusions 
This study examined the influence of issue involvement on perceptions of E. coli 
foodborne illness and the effect of gain-framed and loss-framed messages and issue 
involvement on consumers’ perceptions of two new food safety technologies in the beef 
sector; cattle vaccines against E. coli and direct fed microbials. Issue involvement was 
elicited by providing information on foodborne illness and the health effects of E. coli 
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infections along with a media story highlighting the plight of a young woman who 
suffered an E. coli infection. The effect of prior knowledge, trust in public and private 
entities as sources of unbiased food safety information, and acceptance of various food 
production methods on food safety perceptions were also examined.  
Study objectives were achieved with a survey instrument that segmented 
participants into six information groups, based on whether they received a gain-framed or 
loss-framed message, the media story, or combinations of the gain or loss-framed 
messages with the media story. A random and representative sample of U.S consumers 
was used in the study. 
Empirical results show that exposure to the media story heightened participants’ 
concerns about E. coli foodborne illness but did not influence their perceived likelihood 
of becoming ill.  This result focuses attention on how media stories are perceived by the 
public. News of widespread food contamination or outbreaks (Powell 1998) might be 
more likely to increase the perceived likelihood of foodborne illness than isolated stories 
of foodborne infections like the one used in our study.  
Results also indicate that participants who were exposed to either the gain-framed 
or loss-framed message had a high safety rating for meat products from cattle treated with 
the two interventions. Findings from the literature show that the persuasive influence of 
messages framed as losses or as gains is context specific (Gallagher and Updegraff 2012; 
Abhyankar, O’Connor and Lawton 2008; Meyerowitz and Chaiken 1987). In this study, 
the loss-framed message was more persuasive in influencing safety perceptions of animal 
vaccines and DFMs than the gain-framed message, although, the difference between the 
two effects was not statistically significant. In addition, our results confirm previous 
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research findings showing greater persuasiveness of loss-framed messages when issue 
involvement is high (Maheswaran and Meyers-Levy 1990).  
Another significant finding is the influence of consumer trust in the accuracy of 
food safety information from public and private entities in shaping perceptions of the two 
technologies. Participants who held a high trust in institutions such as the USDA and 
FDA, scientist in universities and media agencies such as the New York Times also held 
a positive opinion about the safety of meat products from cattle treated with the two 
interventions. Trust in institutions is thus a significant factor in influencing perceptions of 
food technologies (Roosen et al. 2015), suggesting that non-profit agencies, government 
institutions and scientists may be better placed in disseminating the benefits of new food 
safety interventions.  
Our results further highlight the challenge of making new food safety 
interventions appealing to consumers who may be cautious about the inherent risks of 
food production technologies. Participants who perceived a high risk of other 
technologies used in food and animal production such as irradiation, genetic 
modification, antibiotic use or animal cloning were also skeptical about the safety of meat 
products from animals treated with vaccines or fed DFMs. Incidentally, those in this 
group were more likely than others to express a greater concern about, and likelihood of 
foodborne infections such as those caused by E. coli bacteria. 
Despite its hypothetical nature due to the minimal adoption of animal vaccines 
against E. coli and DFMs by cattle producers, the study sheds light on the factors 
affecting consumer perceptions of these two food safety enhancing technologies with 
particular emphasis on the influence of information framing. It would be interesting to 
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further examine consumer attitudes towards beef products with these two food safety 
attributes, and to investigate whether consumers would be willing to pay for them. It will 
also be useful to investigate whether message framing influences consumers’ purchasing 
behavior for beef products treated with these interventions. These research questions are 
the focus of future research.  
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APPENDIX 
 
I: Information treatments 
General Information 
Human illness due to infections with E. coli bacteria such as E. coli O157 is a serious 
health concern. The Centers for Disease Control estimates that E. coli infections cause 
approximately 265,000 illnesses in the United States each year. A major carrier of the E. 
coli O157 strain is cattle and more than one third of all human infections and illnesses 
caused by E.coli O157 are associated with the consumption of contaminated beef.  
Direct-fed microbials and vaccines are two recent production practices in the beef sector 
that have proven to be effective in reducing E. coli O157 bacteria in cattle.  Direct-fed 
microbials are live, naturally occurring, microorganisms added to animal feed that 
compete with the more serious form of E. coli in the guts of cattle. Direct-fed microbials 
can potentially reduce human E. coli O157 infections by as much as 50%. Vaccines 
against E. coli O157 when administered to cattle can potentially reduce human E. coli 
O157 infections by as much as 80%. There are no known risks to animals or humans 
associated with the use of direct-fed microbials and vaccines. Both treatments have been 
approved for use; direct-fed microbials by the Food and Drug Administration and 
vaccines by the US Department of Agriculture.  
 
Media Story 
The Centers for Disease Control estimates that each year, 1 in 6 Americans (48 million 
people) gets sick, 128,000 are hospitalized and 3,000 die of foodborne illness. Shiga 
toxin producing E. coli bacteria can cause such illness that can lead to dehydration, 
abdominal cramps, bloody diarrhea and in more severe cases kidney failure or even 
death. People of any age can become infected with E. coli O157, and while very young 
children and the elderly are more likely to develop severe illness than others, even 
healthy older children and young adult can become seriously ill. 
 
A story published by The New York Times in its October 3, 2009 edition reports the case 
of Stephanie Smith, a children’s dance instructor, age 22, who suffered a severe form of 
food-borne illness caused by E. coli O157:H7. The illness, which was traced to the 
hamburger her mom grilled for their Sunday dinner in early Fall 2007, left her paralyzed 
and at risk of kidney failure.  
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II. Factor Analysis Results 
Factor Loadings: Trustworthiness in institutions as information sources 
Trustworthiness rating Factor 1 Factor 2 
 high_trust_sources low_trust_sources 
U.S. Food and Drug Administration 0.8058  
U.S. Department of Agriculture 0.8039  
Humane Society of America 0.5396  
American Medical Association 0.7603  
Scientists at public and private universities 0.6706  
The New York Times 0.6533  
Fox News  0.5482 
ABC News 0.6289 0.3762 
National Producer Associations 0.3744 0.5578 
Tyson Foods  0.7325 
McDonalds  0.7511 
Chipotle Mexican Grill  0.5685 
   
Eigenvalues 4.9741 1.1750 
Variance explained 0.6048 0.3889 
Cumulative Variance explained 0.6048 0.9936 
(blanks represent absolute loading < 0.3) 
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Factor Loadings: Acceptance of Food Production Methods 
Level of acceptance Factor 1 
 accept_technology 
Use of antibiotics in animal production 0.6262 
Genetic engineering/genetic modification of plants 0.7813 
Genetic engineering/genetic modification of animals 0.8476 
Food irradiation 0.6333 
Animal cloning 0.696 
Use of hormones in animal production 0.7646 
  
Eigenvalues 3.1910 
Variance explained 1.0632 
Cumulative Variance explained 1.0632 
 
 
Factor Loadings: Risk Perceptions Variables 
Risk perceptions and attitudes towards food technologies Risk from technology 
 
Risk when eating meat from animals treated with antibiotics 0.7996 
Risk when eating meat from animals treated with hormones 0.7271 
Risk when eating meat from cloned animals 0.8233 
Risk when eating meat from animals treated with hormones 0.8412 
Risk when eating meat from cloned animals 0.7328 
  
Eigenvalues 3.0905 
Variance explained 1.00 
Cumulative Variance explained 1.00 
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III. Demographic differences among information treatment groups  
Pearson chi square test for differences among information groups, by ethnicity, college 
and gender 
  Ethnicity College Gender 
Group 
Other 
ethnicities Caucasians 
Some college 
or less 
College or 
higher Female Male 
Control 83 223 122 184 150 156 
Gain-framed 92 203 118 177 156 139 
Loss-framed 93 211 116 188 154 150 
Media Story 87 222 120 189 153 156 
Gain-framed + Media S. 83 229 119 193 160 152 
Loss-framed + Media S. 97 219 118 198 156 160 
Total 535 1307 713 1129 929 913 
            
Chi-square statistic 2.9972 0.7133 1.2959 
P-value 0.700 0.982 0.935 
 
 One-way Analysis of Variance for differences among information groups, by age and 
income 
Variable Source F value Prob > F 
Age Between groups 0.25 0.938 
Income Between groups 0.42 0.431 
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ESSAY 2: CONSUMER WILLINGNESS TO PAY FOR FOOD SAFETY 
INTERVENTIONS: THE ROLE OF MESSAGE FRAMING AND 
INVOLVEMENT 
Abstract 
Interventions/technologies that mitigate food safety risks could have a significant impact 
in reducing foodborne infections, but their adoption depends on consumer acceptance and 
willingness to pay (WTP) for them. This study determines consumer WTP for beef 
products from cattle vaccinated against E. coli, and given direct-fed microbials, 
interventions that reduce the risk of E. coli contamination in beef, and evaluates the 
persuasive impact of message framing and issue involvement on WTP for the 
technologies. A survey instrument that included six information treatments and a choice 
experiment was developed to achieve study objectives. The survey targeted a 
representative, random sample of U.S. consumers exposed to either general information 
about the two interventions (control group), or in addition to general information received 
gain-framed information, loss-framed information, a media food safety story intended to 
elicit issue involvement, or combinations of the media story and the gain-framed and 
loss-framed messages. Results from random parameters logit models show that 
participants prefer animal vaccines to direct-fed microbials as attributes in ground beef. 
Corroborating prospect theory’s loss aversion, the loss-framed message, and the 
combined loss-framed message with the media story were the most persuasive, inducing 
the highest WTP. These findings indicate a market potential for beef products from cattle 
treated with the two interventions. In addition, the stronger persuasive influence of the 
loss-framed message sheds valuable insights into effective ways of communicating the 
benefits of new food safety interventions to the public, and should be of interest to cattle 
producers who consider adopting these interventions and policy makers who may 
regulate their use. 
 
Key words: willingness to pay; choice experiment; food safety technologies; issue 
involvement; message framing. 
1. Introduction 
Foodborne illness is a serious and costly health issue for consumers.15 Outbreaks due to 
virulent strains of bacteria (such as E.coli O157:H7) have received particular public and 
media attention because they can cause severe health problems such as kidney failure, 
                                                 
15 The Center for Disease Control and Prevention (CDC) estimates that 48 million people get sick from 
foodborne illness each year in the US leading to 128,000 hospitalizations and 3,000 deaths. According to 
the Economic Research Service (ERS) the annual cost associated with the five most common bacterial 
pathogens is $6.9 billion.  
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paralysis or even death. In addition to medical expenses and productivity losses, these 
outbreaks have significant economic consequences, including costly product recalls.16 
Government agencies and the food industry have been investing in research and the 
development of technologies that can reduce the incidence of foodborne illness. As is 
often the case with new technologies in the food sector, however, consumer perceptions 
regarding their effectiveness and safety are key determinants of their adoption by 
producers, processors and/or retailers.  
Consumers have been accepting of production technologies that enhance food 
safety when they perceive such technologies to be safe and effective. Shogren et al. 
(1999) found that consumers were willing to pay a premium for irradiated chicken breast 
when they perceived that the irradiation process offered a reduced risk from foodborne 
pathogens. Nayga, Woodward and Aiew (2006) concluded that not only were consumers 
willing to purchase irradiated beef products, but they were also willing to pay amounts 
that favored irradiation of ground beef on a commercial scale. Mukhopadhaya et al. 
(2004) examined willingness to pay (WTP) for a hypothetical human vaccine that would 
offer protection against major foodborne pathogens, with varying durations of 
effectiveness. Their study shows that consumers were willing to pay to be protected 
against harmful pathogens, and placed a premium on being protected from E. coli 
bacteria. Teisl and Roe (2010) found similar results when they investigated consumers’ 
WTP for products that offer a reduced probability of contamination, concluding a 
positive intent to pay to reduce the likelihood of becoming ill. 
                                                 
16 A case in point is the E. coli infections linked to Chipotle Mexican Grill in mid-October to November of 
2015. Following a report about the outbreak by the CDC, Chipotle’s sales for the last quarter of 2015 
plunged by nearly 15% (Bloomberg News, Jan 6, 2016), adding to other costs incurred due to the outbreak 
such as medical expenses of the individuals infected and productivity losses. 
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In the case of new food safety technologies and/or technologies the public may be 
unfamiliar with, research findings suggest that the type, source and framing of 
information provided to the public affects their perceptions of and attitudes towards these 
technologies (Kahan et al. 2009). Nayga, Aiew and Nichols (2004) investigated the 
impact of exposing random shoppers to factually accurate information about the nature 
and benefits of food irradiation on their purchasing behavior and found that buying 
decisions were positively impacted by the provision of this type of information. 
Schroeter, Penner, and Fox (2001) reported that providing information that dispelled the 
perception that irradiation triggered the incidence of cancers induced a positive WTP 
from approximately 70% of respondents. Fox, Hayes and Shogren (2002) used auction 
techniques to determine the effect of positive and negative information on consumer 
attitudes toward irradiated pork. The positive information was cited from a scientific 
body and communicated the benefits of irradiation, while the negative information cited 
from a consumer advocacy group cautioned against the consumption of irradiated food 
because of its risk. They found that positive information increased participants’ WTP, 
and negative information decreased WTP. However, WTP decreased among participants 
who received both types of information. Kahan et al. (2007) and (2009) examined 
consumer attitudes towards nanotechnology and found that people with different values 
were predisposed to draw different factual conclusions from the same information. The 
authors suggest that while the provision of information that is scientifically sound is 
important, it is even more critical that one could frame this information so that people of 
diverse values could draw the same factual conclusions from it (Kahan et al. 2007).  
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There is an expanding literature examining the influence of information framing 
on public perceptions and attitudes. Message framing occurs when some element of 
presentation that is logically unrelated to the content of information nevertheless affects 
the impact of that information on beliefs or behavior (Kahan et al. 2009). Prospect theory, 
which presents an alternative hypothesis to the expected utility theory, suggests that the 
manner in which choices are framed impacts preferences and outcomes (Kahneman and 
Tversky 1979). According to prospect theory, individuals’ evaluate gains and losses 
differently; greater weight is placed on losses than on gains of equal magnitude. 
However, the literature on message framing has been inconclusive about the persuasive 
impacts of messages framed as losses or as gains. Meyerowitz and Chaiken (1987) 
concluded that loss-framed messages had a stronger persuasive influence in encouraging 
voluntary breast-self-examination, and Abhyankar, O’Connor and Lawton (2008) also 
found loss-framed information to have a stronger persuasive impact on the intent to 
vaccinate children, compared to gain-framed information. However, Gallagher and 
Updegraff (2012) concluded that gain-framed information was more persuasive in 
promoting preventative behavior against illness, compared to loss-framed information.  
Other studies have examined the influence of message framing when individuals 
are strongly connected to the issue being considered. Defined as issue involvement, it is 
the extent to which the attitudinal issue under consideration is of personal importance 
(Petty and Cacioppo, 1979). Investigating the influence of information on health 
behavior, Maheswaran and Meyers-Levy (1990) split their college student sample into 
high involvement and low involvement groups. The high involvement group received 
information about the existing risk of coronary heart disease for people under 25 years, 
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while those in the low involvement group were told that this risk was high among older 
people. After providing both groups with positive and negative information about the 
benefits to be gained or lost from choosing to test cholesterol levels (or not to test), they 
found that the message framed as a loss was more persuasive among participants in the 
high involvement group in encouraging a willingness to test.  
This study builds on and extends the food safety literature by examining the 
effects of gain-framed and loss-framed messages and issue involvement on consumer 
WTP for technologies/interventions that are shown to be effective in reducing food safety 
risks.17 The study also examines the potential confluence of issue involvement and 
gain/loss message framing, thus extending the involvement literature to the domain of 
food safety. In our study issue involvement is elicited by the provision of information 
about E. coli and the inclusion of a news story about the case of a young woman who 
suffered a severe form of foodborne illness after consuming an E. coli O157 
contaminated hamburger.  
The technologies/interventions examined involves two interventions in the beef 
sector, cattle vaccinations against E.coli O157:H7 and direct-fed microbials. Both 
interventions have been approved for use and are shown to be effective in reducing E. 
coli contamination in beef; vaccines reduce incidence of the bacteria in cattle by 80% 
(Hurd and Malladi 2012), and direct-fed microbials by 50% (Brashears 2012). Despite 
evidence supporting their effectiveness, adoption of these technologies by beef producers 
has been minimal (Callaway et al. 2009), attributable partly to cost concerns (Tonsor and 
                                                 
17 We consider the food safety risks posed by virulent strains of E. coli bacteria, such as E. coli O157:H7, 
with many cases of infections traced to the consumption of contaminated beef products (Griffin and Tauxe 
1991; Mead and Griffin 1998). 
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Schroeder 2015), and suggesting that a widespread adoption may hinge on consumer 
acceptance and WTP for them. In addition, their purported effectiveness in reducing 
human cases of E. coli infections (Matthews et al. 2013) suggest a potential role for the 
government in regulating or mandating their use. Thus, understanding consumer attitudes 
towards these food safety interventions is also critical for the evaluation of the market 
and welfare impacts of such policies.  
Study findings show that participants are willing to pay more for ground beef 
treated with the vaccine or direct-fed microbial attributes. There is, however, a stronger 
preference for ground beef with the vaccine attribute than direct-fed microbials. Results 
also indicate that message framing and issue involvement influence participants’ WTP. 
Specifically, the loss-framed message, and the loss-framed message with the news media 
story induced the highest WTP. Results also show that these interventions in cattle 
production enhance consumer welfare.  
The rest of the study is divided into 6 sections. Section 2 describes the 
experimental design, and section 3 presents summary statistics from the nationally 
representative sample who completed the survey. Section 4 discusses the design of the 
discrete choice experiments, followed by section 5 which provides a description of the 
econometric model used. Section 6 provides a discussion of the results and section 7 
concludes the study. 
2. Experimental Design and Information Treatments 
A survey instrument which includes a hypothetical choice experiment was developed to 
achieve study objectives. The minimal adoption of cattle vaccines against E. coli and 
direct-fed microbials by producers dictated the hypothetical nature of the choice 
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experiment since beef products from cattle treated with vaccines or direct-fed microbials 
are not widely available in the market. The experimental design involved six information 
treatments, with participants randomly assigned to one of these groups, and with each 
treatment group comprising approximately of 300 respondents. To establish a comparable 
level of understanding about the two food safety enhancing technologies and capture the 
impact of message framing and involvement, participants in all six groups were given 
general information about E. coli infections in the United States, and the benefits of using 
cattle vaccines against E. coli and direct-fed microbials. 
Participants in the first information group, the control, received only the general 
information. Motivated by prospect theory which suggest that individuals are more 
sensitive to losses than they are to gains, participants in the second and third information 
groups were exposed to gain-framed and loss-framed information, respectively, in 
addition to general information. In the survey, both gain-framed and loss-framed 
messages used the same preamble narrating the efficacy of vaccinations and direct-fed 
microbials in potentially reducing human E. coli infections by as much as 80%. While the 
gain-framed information concluded that by choosing to consume beef from cattle treated 
with the two interventions consumers significantly reduce the risk of an E. coli infection 
by as much as 80%, the loss-framed information presented an equivalent conclusion on 
the opportunity the consumer forgoes in reducing the risk of an E. coli infection by as 
much as 80% if they choose to consume beef from cattle not treated with these 
technologies. Participants in the fourth information group in addition to the general 
information, received information about E. coli infections and a news story published in 
the New York Times in its October 3, 2009 edition, reporting the case of Stephanie 
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Smith, 22, who suffered a severe form of foodborne illness that left her paralyzed after 
consuming an E. coli O157 contaminated hamburger.18 The information about E.coli 
infections and the news story (media story hereafter) were included to elicit involvement. 
Those in the fifth and sixth information group received the general information and the 
media story, and either a gain-framed or loss-framed message, respectively. Detailed 
descriptions of the information provided under each treatment group are given in section 
I of the Appendix. Table 1 summarizes the six treatment groups.  
Table 1. Treatment Groups 
Treatment Group                       Type of Information N 
Control Group General information 306 
Treatment 2 General information + Gain-framed information 295 
Treatment 3 General information + Loss-framed information 304 
Treatment 4 General information + Media story 309 
Treatment 5 General information + Media story + Gain-framed information 312 
Treatment 6 General information + Media story + Loss-framed information 316 
 
3. Data and Descriptive Statistics 
The survey, administered online, targeted a random sample of 2,999 individuals across 
the U.S in July and August, 2015 and was fielded by GfK Global.19 The survey yielded a 
representative, random sample of 1,879 respondents, or a response rate of 62.7%. Having 
accounted for incomplete responses, 1,842 observations were used in the study, which 
represents a usable response rate of 61.42%. Table 2 shows the descriptive statistics of 
                                                 
18 See http://www.nytimes.com/2009/10/04/health/04meat.html?pagewanted=all&_r=0. 
19 GfK Global is a leading survey research firm with a 55,000 member probability-based panel 
(KnowledgePanel) designed to be representative of the US population. More information can be found at 
http://www.knowledgenetworks.com/ganp/docs/KnowledgePanel(R)-Design-Summary.pdf. 
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participants’ demographics as well as self-reported knowledge of E. coli and the two 
technologies. 
Table 2. Summary Statistics of Respondent Characteristics 
Variable                  Description Mean 
Std 
Dev 
 
Male 
 
1 if subject is male; 0 female 
 
0.50 
 
0.50 
College 1 if subject has some college education; 0 
otherwise 
 
0.61 
 
0.49 
 
Income Household income, in thousands 
 
72.75 
 
51.59 
Age Age, in years 50.67 16.98 
Work with animals 1 if subject or family member works with 
farm animals; 0 otherwise 
 
0.28 
 
0.45 
Beef consumption 1 if subject has frequent beef consumption; 0 
otherwise 
 
0.69 
 
0.46 
Subjective 
knowledge: 
 
Scale: 1 = nothing to 4 = a great deal 
  
E. coli bacteria  2.25 0.77 
Animal vaccines  1.79 0.81 
Direct-fed microbials 1.39 0.67 
 
The sample included half as many males as females, which reflects the 2010 US 
population of 49% males and 51% females (US Census Bureau 2010). Over 61% of 
participants had at a minimum a college degree, while the average income was $73,000. 
The average age of respondents was 51 years, and approximately 28% grew up around 
farm animals or had family who worked with farm animals. About 69% of respondents 
were high beef consumers, a proportion created from an index of consumption averaged 
over the frequency of consuming ground beef, hamburgers cooked at home or at 
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restaurants, and beef steaks.20 Participants were on average more knowledgeable about E. 
coli bacteria than they were about animal vaccines and direct-fed microbials. 
Unsurprisingly, direct-fed microbials are the intervention participants reported knowing 
the least about.  
4. Choice Experiment 
Choice Experiments (CEs) present a combination of attribute levels under different 
alternatives, and are widely applied in research across disciplines such as economics, 
marketing and transportation (Kuhfeld 2005). CEs are useful in their demand revealing 
properties for stated preference surveys, have been employed in numerous studies, and 
noted to closely resemble purchase experience in an actual market setting (Lusk and 
Schroeder 2004). For this study, respondents were presented with a bundle of credence 
attributes for ground beef, and chose their preferred option among alternative attribute 
levels at a given price. Ground beef was chosen because it is a familiar product among 
beef consumers, accounting for over half of the beef consumed in the United States 
(Pruitt and Anderson 2012). Because of the nature of its processing, ground beef is 
especially susceptible to the risk of E. coli contamination.  
Four credence attributes were considered for the CEs: production method, 
leanness, feeding management and treatment. There were two levels of the production 
method attribute, organic and conventional. Low (73% lean), medium (85% lean) and 
high-end (93% lean) leanness percentages were the levels for the leanness attribute. As a 
result of continued consumer interest in the nutritional composition of cattle feed (Daley 
                                                 
20 Rated on a scale of 1 to 5, consumption frequency for ground beef, hamburgers eaten at home, 
hamburgers eaten at restaurants and beef steaks were averaged. The beef consumption variable created is 
equal to 1 if this average is at least 2.5, otherwise equal to 0. 
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et al. 2010), the feeding management attribute was included with two levels: grass-fed 
and grain-fed. The treatment attribute had three levels: Vaccinated against E. coli, Fed 
direct-fed microbials (DFMs), and No treatment. The “No treatment” level in the 
treatment attribute generally reflects the current situation, that is, beef producing cattle 
not treated with the two proposed interventions. Finally, the price levels used were, 
$3.49/lb, $4.49/lb and $5.49/lb. The average price of one pound of ground beef across the 
United States was $4.49 in 2015, and this was used as a guide for the price levels. The 
attributes and the levels are summarized in Table 2.  
Table 3. Attributes and Levels for Choice Experiment 
Attribute Levels 
Production Method Organic, Conventional 
Leanness 93% Lean, 85% Lean, 73% Lean 
Feeding Management Grass-fed, Grain-fed 
Treatment Vaccinated against E. coli, Fed Direct-fed microbials, No treatment 
Price $3.49/lb, $4.49/lb, $5.49/lb 
 
The design of the CE in this study closely followed techniques developed by 
Kuhfeld (2005) using the SAS software (SAS Institute Inc., 2013). The treatment 
attribute was designated as the alternative specific attribute, suggesting that its three 
levels, ‘Vaccinated against E. coli’, ‘Fed direct-fed microbials’ and ‘No treatment’, were 
labels appearing in each alternative in the choice sets. Having decided on the alternative 
specific attribute, two attributes (price and leanness) of the remaining four had three 
levels, with the other two (production method and feeding management) having two 
levels. These levels were randomized across the three “labeled” alternatives (Vaccinated 
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against E. coli, Fed Direct-fed microbials and No treatment) yielding a full factorial 
design of 46,656 different combinations (33x2.23x2). Evidently, it is infeasible for a 
respondent to complete these combinations, and for this reason, techniques are used to 
achieve a fractional factorial design that is both balanced and orthogonal. An orthogonal 
fractional factorial design with a size of 36 with zero violations was used, resulting in 36 
choice sets. The D-efficiency, which measures the goodness and efficiency of a design 
was 100% for this chosen design, indicating very minimal variance matrix. However, 36 
different choice sets were still considered too many and likely to lead to respondent 
fatigue, so the %mktblock macro in the SAS software (2013) was used to create three 
blocks of 12 sets each. Thus, each respondent completed 12 choice sets from any one of 
the three blocks. Hensher, Rose and Green (2005) note that compelling respondents to 
make choices only from the bundle of attributes presented can potentially lead to over-
inflation of the estimates. To overcome this, an “I will not purchase” option was added to 
each choice set to present a more realistic market scenario where respondents can 
voluntarily opt out of a purchase. Figure 1 shows an example of a choice set. 
Vaccinated against 
E.coli  Fed DFMs  No treatment    
73% Lean  73% Lean  85% Lean    
Conventional 
 
Organic 
 
Conventional 
 
I will not 
purchase 
Grain-fed  Grain-fed  Grass-fed   
$3.49/lb  $4.49/lb  $3.49/lb    
 
        CHECK 
  
ONE 
Figure 1. Sample of a Choice Set 
With 12 choice sets and four alternatives from one of three blocks, a total of 88,416 
(12 x 4 x 1842) observations were generated across the 1,842 participants, noting that 
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each alternative in a choice set represents one observation. The total number of 
observations from the choice sets were, however, divided among the six information 
treatment groups, which approximates to 14,736 observations per information group. 
To mitigate potential stated choice hypothetical bias, a brief cheap talk script 
(Cummings and Taylor 1999) preceded the choice sets. Although the impact of cheap talk 
scripts are mixed in terms of how close hypothetical purchases reflect real ones, 
Bosworth and Taylor (2012) note that cheap talk scripts make respondents more price 
sensitive in their choices. The script used in this study narrated that participants in similar 
surveys often overstated their WTP for a good compared to how much they would pay in 
an actual store setting, and emphasized the importance for choices to be made to reflect 
one’s true WTP (see section I of the Appendix for a detailed description of the cheap talk 
script).  
5. Econometric Model 
5.1 Random Utility Model 
Data from choice experiments can be analyzed within the random utility framework. This 
theory proposes that some determinants of individual utility are not directly observable, 
that is, utility is a latent construct, and assumes that latent utility has two components, the 
systematic component, and the random or stochastic component (McFadden 1974; 
Louviere, Hensher and Swait 2000; Bennett and Blamey, 2001). The random utility 
function is expressed as: 
𝑈𝑛𝑖𝑡 = 𝑉𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡 (1) 
 
where 𝑈𝑛𝑖𝑡 is the latent, unobserved utility for alternative i, choice set t, and for respondent 
n. 𝑉𝑛𝑖𝑡 is the systematic, observable component of the latent utility that depends on the 
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attributes of the ground beef in alternative i, and 𝜀𝑛𝑖𝑡 is the random component of the latent 
utility for consumer n, choice set t, and alternative i. The random component encompasses 
the unidentified factors that influence choice (Louviere, Flynn and Carson 2010). An 
individual will choose alternative i if and only if: 
𝑈𝑛𝑖𝑡 > 𝑈𝑛𝑗𝑡   𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 ≠ 𝑗                                                                     (2) 
 
This implies that alternative i is chosen if and only if: 
 
 
𝑉𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡 > 𝑉𝑛𝑗𝑡 + 𝜀𝑛𝑗𝑡                                                        (3) 
  
The probability of choice, that is, the probability that a respondent chooses alternative i is 
given as:  
𝑃𝑟𝑜𝑏[𝑉𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡 > 𝑉𝑛𝑗𝑡 + 𝜀𝑛𝑗𝑡)] 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 ≠ 𝑗 (4) 
 
If the random error term is independently and identically distributed with an extreme 
value type I distribution, then the probability of choosing alternative i as shown by 
McFadden (1973) is:  
𝑃𝑟𝑜𝑏{𝑜𝑝𝑡𝑖𝑜𝑛 𝑖} =
𝑒𝑥𝑝 (𝑉𝑛𝑖𝑡)
∑ 𝑒𝑥𝑝(𝐽𝑗=1 𝑉𝑛𝑗𝑡 )
 (5) 
 
Equation 5 is also the closed form of the multinomial logit model (Louviere, Hensher and 
Swait 2000). 
5.2 Random Parameters Logit 
The multinomial logit model allows convenient estimation of parameters, but it has some 
inherent weaknesses. It assumes that respondents have the same preferences (Train 
1998). Additionally, the independence of irrelevant alternatives (IIA) property of the 
multinomial model suggests proportionality of substitution between alternatives, which 
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implies that when the attribute of an alternative changes, the probability of the other 
alternatives changes by the same proportion. The random parameters logit (RPL) 
overcomes these limitations by allowing the coefficients in the model to vary across 
respondents (Revelt and Train 1998; Hensher, Rose and Greene 2005), and was thus used 
in this study to analyze the choice data. Assuming that the indirect utility 𝑉𝑛𝑖𝑡 is linear in 
parameters (𝑉𝑛𝑖𝑡 = 𝒙𝜷), the standard logit model in equation 1, following Revelt and 
Train (1998) and Train (1998), can be re-written as: 
𝑈𝑛𝑖𝑡 = 𝛽𝑛
′ 𝑥𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡 (6) 
where  i = 1……..I is the I = 4 treatment alternatives: Cattle Vaccines, Direct-fed 
microbials, No Treatment, and ‘I will not purchase’. Subscript t = 1……..T are the 12 
choice sets per respondent. 𝑥𝑛𝑖𝑡 is a vector of observed variables, 𝛽𝑛 
′ is a vector of 
coefficients unobserved for the nth respondent, with density 𝑓(𝛽′𝑛|𝜃), where θ are the 
parameters of the distribution and  𝜀𝑛𝑖𝑡 ~ 𝑖𝑖𝑑 extreme value. The coefficient 𝛽𝑛 
′  in 
equation 6 can be decomposed into the means and standard deviation for each 
respondent, given as 𝛽𝑛
′ = 𝑏′ + 𝜂𝑛
′ , where b is the population mean, and ηn the random 
deviation which denotes the presence of unobservable heterogeneity in the sampled 
population. The standard deviation allows βn to vary across respondents. Conditional on 
𝛽𝑛
′ , the probability that person n chooses alternative i in choice set t is 
𝐿𝑛𝑖𝑡 (𝛽𝑛) =
𝑒𝛽𝑛
′ 𝑥𝑛𝑖𝑡
∑ 𝑒𝛽𝑛
′ 𝑥𝑛𝑗𝑡
𝑗
 (7) 
The unconditional probability is obtained by integrating the conditional probability over 
all possible values of 𝛽𝑛, with a density 𝑓(𝛽𝑛|𝜃). 
𝑄𝑛𝑖𝑡 (𝜃) = ∫𝐿𝑛𝑖𝑡 (𝛽𝑛)𝑓(𝛽𝑛|𝜃)𝑑𝛽𝑛   
(8) 
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As noted by Revelt and Train (1998) and Train (1998), the probability of each 
participant’s sequence of choices is needed for maximum likelihood estimation, as there 
were repeated choices in the choice experiment. If i(n, t) is the chosen alternative by the 
nth  person for choice set t, and if 𝛽𝑛 were known, then respondent n’s observed sequence 
of choices would be: 
𝑆𝑛(𝛽𝑛) =∏𝐿𝑛𝑖(𝑛,𝑡)𝑡 (𝛽𝑛
𝑡
)  (9) 
However, because 𝛽𝑛 is unknown, the unconditional probability is the integral of 
equation 9 over all values of 𝛽𝑛. 
𝑃𝑛 (𝜃) = ∫𝑆𝑛(𝛽𝑛)𝑓(𝛽𝑛|𝜃)𝑑𝛽𝑛  
(10) 
The coefficient vector 𝛽𝑛, is associated with the n
th person and reflects the individual’s 
unique taste, and varies across participants. The log-likelihood function is 𝐿𝐿(𝜃) =
∑ 𝐼𝑛𝑃𝑛 (𝜃)𝑛 .  
Because an analytical computation of equation 10 is not feasible, the exact 
maximum likelihood estimation is not possible. However, the probability can be 
estimated using a simulated log-likelihood function. This probability is approximated by 
summing over randomly chosen values of  𝛽𝑛 drawn from its distribution. With this draw, 
the product of the standard logits, 𝑆𝑛(𝛽𝑛) is calculated. The process is repeated for many 
draws for which the probability is approximated by averaging the product of the standard 
logits, i.e.   
𝑆𝑃𝑛 (𝜃) =
1
𝑅
∑ 𝑆𝑛(𝛽
𝑟|𝜃)
𝑟=1,…,𝑅
 
(11) 
where R is the number of draws of 𝛽𝑛, 𝛽
𝑟|𝜃 is the rth draw from the density 𝑓(𝛽𝑛|𝜃), and 
𝑆𝑃𝑛 (𝜃) is the simulated probability of a respondent’s choices. The simulated log-
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likelihood function is 𝑆𝐿𝐿(𝜃) = ∑ 𝐼𝑛𝑆𝑃𝑛 (𝜃)𝑛 , where the simulated log-likelihood 
function is maximized by the estimated parameters. This study was evaluated at 500 
Halton draws, and was estimated in Stata 14 (2015) using the mixlogit command written 
by Hole (2007). The price coefficient in the RPL model was assumed to be fixed, while 
the remaining attributes were specified as random and normally distributed. Fixing the 
price coefficient ensures that the estimated WTP values are normally distributed, and 
precludes the possibility of a positive coefficient for price (Revelt and Train 1998; 
Layton and Brown 2000; Lusk, Roosen, and Fox 2003).  
5.3 Mean Willingness to Pay 
The estimated coefficients from the RPL model can be used to derive the marginal rate of 
substitution between attributes. The coefficient of price indicates the amount of money 
respondents are willing to pay when it is divided by the coefficient of an attribute of 
interest, and the result multiplied by -1. That is, the rate at which a respondent is willing 
to give up an amount of money for an increase in an attribute of interest, when all other 
attributes are held constant. This is empirically derived as:  
𝑚𝑒𝑎𝑛 𝑊𝑇𝑃 =  
𝜕𝑉/𝜕𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
𝜕𝑉/𝜕𝑃𝑟𝑖𝑐𝑒
= −1(
𝛽𝑛𝑜𝑛−𝑚𝑎𝑟𝑘𝑒𝑡 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
𝛽𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
) 
(12) 
Equation 12 conveniently allows the estimation of mean WTP values for one pound of 
ground beef for any particular attribute specified.  
6. Results and Discussion 
To be able to attribute any observed differences in responses to the impact of information 
received, participants’ demographic characteristics should be similar in the six 
information groups. We test this using the Pearson chi-square test for discrete 
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demographic variables including ethnicity, college background and gender. The one-way 
analysis of variance (ANOVA) is used to test observed differences in age and income 
among the six information groups. We find no significant differences in the demographic 
characteristics among the six information treatment groups (see section II of the 
Appendix), and can thus conclude that differences in attribute preferences are influenced 
by the type of information provided to the participants in each information group.   
6.1 Random Parameters Logit Results 
Results from the RPL estimation are displayed in Table 4. With the exception of the 
organic and grass-fed attributes that were significant in some information groups and not 
in others, the remainder of the attributes were statistically significant in the models for all 
information treatment groups. Estimated standard deviations were statistically significant, 
except for the case of the organic attribute in the loss-framed group, and the loss-framed 
with media story group. The statistically significant standard deviations show that the 
parameters varied in the population. The relative magnitudes of the alternative specific 
attributes show that ground beef with the vaccine attribute was preferred to direct-fed 
microbials, and the latter preferred to the no treatment option, an outcome that is 
consistent across each information treatment group. For instance, for ground beef with 
the vaccine attribute, the coefficient in the loss-framed group was 4.11, while that of 
direct-fed microbials and no treatment attributes were 3.39 and 1.20, respectively, all 
statistically significant at better than the 1% level. In the same loss-framed group, the 
estimated standard deviations, also statistically significant at the 1% level or better were 
3.45 for vaccines, 2.89 and 3.00 for direct-fed microbials and no treatment, respectively, 
indicating a wide variation in preferences for the attributes within the population. Even 
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though the results from the RPL model cannot be directly compared across the different 
information treatment groups (Lusk, Roosen, and Fox 2003), the highest magnitudes for 
the vaccines and direct-fed microbials’ attributes are observed in the loss-framed message 
group, and the loss-framed message with the media story group.  
 Turning to the other attributes, there was an unambiguous preference for the 93% 
leanness attribute level over 85% leanness, relative to the reference level of 73% 
leanness. The coefficients for the leanness attributes across all information groups were 
significant, at the 1% level or better. According to Ward, Lusk and Dutton (2008), 
consumers were willing to pay a significant price premium for ground beef with the 
highest leanness percentage (96% lean or higher). The positive coefficients of the organic 
attribute, significant in four of the information treatment groups, indicate preference for 
organic rather than conventional beef. Similarly, the coefficients for ground beef with the 
grass-fed attribute was positive and significant in four of the information groups, 
indicating preference for beef with the grass-fed attribute, than grain-fed.  The price 
coefficient was negative and significant at the 1% level or better for all groups, consistent 
with consumer theory.  
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Table 4. Results from Random Parameters Logit Model  
 
Variable Control Gain-framed Loss-framed Media Story Gain + Media Story Loss + Media Story 
Random parameters 
Vaccines 2.8458*** 
(0.2601) 
3.3361*** 
(0.2847) 
 
4.1088*** 
(0.2802) 
2.7834*** 
(0.2497) 
3.1645*** 
(0.2635) 
3.8108*** 
(0.2689) 
 
Direct-fed microbials 2.1681*** 
(0.2492) 
 
2.4460*** 
(0.2704) 
3.3877*** 
(0.2716) 
2.4283*** 
(0.2322) 
2.8914*** 
(0.2670) 
3.2100*** 
(0.2554) 
No Treatment 1.6666*** 
(0.2631) 
 
1.4340*** 
(0.2645) 
1.2013*** 
(0.3014) 
1.5616*** 
(0.2635) 
1.3821*** 
(0.3098) 
1.1039*** 
(0.2906) 
Lean 93% 1.3027*** 
(0.1195) 
 
1.0484*** 
(0.1140) 
1.2354*** 
(0.1288) 
1.0876*** 
(0.1102) 
1.0699*** 
(0.1157) 
1.1252*** 
(0.1127) 
Lean 85% 0.9428*** 
(0.0922) 
 
0.6965*** 
(0.0968) 
0.7503*** 
(0.1011) 
 
0.7018*** 
(0.0876) 
 
0.8568*** 
(0.0861) 
0.7736*** 
(0.0909) 
 
Organic 0.1769** 
(0.0810) 
 
0.1227** 
(0.0491) 
0.1356*** 
(0.0306) 
0.1076 
(0.0826) 
0.0657 
(0.0684) 
0.0708** 
(0.0286) 
Grass-fed 0.2061** 
(0.1045) 
 
0.1574* 
(0.0926) 
0.0299 
(0.0895) 
0.3273*** 
(0.0863) 
0.2724*** 
(0.0936) 
-0.0204 
(0.0930) 
Fixed parameter       
Price -0.6907*** 
(0.0428) 
 
-0.7013*** 
(0.0432) 
-0.7886*** 
(0.0444) 
-0.6617*** 
(0.0405) 
-0.7434*** 
(0.0430) 
-0.7223*** 
(0.0417) 
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Standard deviation       
Vaccines 2.6982*** 
(0.1728) 
 
3.2092*** 
(0.2358) 
 
3.4501*** 
(0.2145) 
 
2.5724*** 
(0.1589) 
 
2.7410*** 
(0.2201) 
 
3.0340*** 
(0.1956) 
 
Direct-fed microbials 2.1665*** 
(0.1527) 
 
2.7159*** 
(0.1811) 
 
2.8852*** 
(0.1910) 
 
1.9805*** 
(0.1374) 
 
2.9497*** 
(0.2369) 
2.9456*** 
(0.2456) 
 
No Treatment 3.2414*** 
(0.2411) 
 
2.7319*** 
(0.2150) 
 
3.0007*** 
(0.1921) 
 
2.4475*** 
(0.1719) 
 
2.8384*** 
(0.2239) 
 
2.6918*** 
(0.1988) 
 
Lean 93% 1.4077*** 
(0.1330) 
 
1.2375*** 
(0.1340) 
 
1.6412*** 
(0.1384) 
 
1.2611*** 
(0.1241) 
 
1.3838*** 
(0.1328) 
 
1.3102*** 
(0.1259) 
 
Lean 85% 0.5768*** 
(0.1468) 
 
-0.7587*** 
(0.1291) 
 
0.9052*** 
(0.1164) 
 
0.6468*** 
(0.1298) 
 
-0.4444** 
(0.1784) 
 
0.6936*** 
(0.1499) 
 
Organic 1.0265*** 
(0.1063) 
 
0.4507*** 
(0.1639) 
 
0.0423 
(0.0546) 
 
1.1979*** 
(0.1101) 
 
-0.7426*** 
(0.1516) 
 
0.0016 
(0.0823) 
 
Grass-fed 1.2437*** 
(0.1073) 
 
0.9973*** 
(0.1071) 
 
0.9488*** 
(0.1113) 
 
0.9999*** 
(0.1060) 
 
1.1857*** 
(0.1107) 
 
1.1138*** 
(0.1040) 
 
       
Log Likelihood -3427.57 
 
-3377.97 
 
-3233.98 
 
-3653.55 
 
-3498.25 
 
-3430.84 
 
***significant at 1%, ** significant at 5%, and * significant at 10%. Standard errors in parenthesis.
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Following Train (2003), the proportion of respondents who prefer an attribute can 
be determined using the z-score from the RPL results. This is approximated under the 
cumulative normal distribution and cumulative probabilities, as shown in equation 13:  
𝑍 =
𝛽 −𝑚𝑒𝑎𝑛
𝑠𝑡𝑑. 𝑑𝑒𝑣
 ~ 𝑁(0,1)  
(13) 
Results for these proportions are given in Table 5 for ground beef with the vaccines and 
direct-fed microbials attribute. Over 80% of respondents, regardless of their assigned 
information group, favored vaccines or direct-fed microbials as an option in beef 
production, including the control group where only general information about the 
interventions was provided. At least 88% of respondents in the loss-framed group had a 
favorable view of both interventions. For the loss-framed with the media story group, 
approximately 90% of respondents preferred vaccinations, and 86% of them favored the 
direct-fed microbials’ attribute. For policy makers and beef industry players, this 
outcome affirms broader consumer acceptance for the two interventions when consumers 
are informed about their potential impact in mitigating the incidence of E. coli infections.  
Table 5. Proportion of Respondents in Favor of Interventions, Under the Cumulative 
Normal Distribution Curve  
  Control 
Gain-
framed 
Loss-
framed 
Media 
story 
Gain + 
Media 
story 
Loss + 
Media 
story 
Vaccines 0.854 0.851 0.883 0.860 0.876 0.895 
Direct-fed microbials 
 
0.842 
 
0.816 
 
0.880 
 
0.890 
 
0.837 
 
0.862 
 
6.2 Mean Willingness to Pay Results  
The estimated mean WTP for ground beef with the vaccines and direct-fed microbials’ 
attributes are displayed in Table 6. The 95% confidence intervals are also reported 
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alongside the WTP estimates using the Krinsky-Robb procedure (Krinsky and Robb 
1986). Average WTP, which is normally distributed in the population was higher for a 
pound of ground beef with the vaccine attribute, than for direct-fed microbials. Using the 
control group as an example, mean WTP for ground beef with the vaccine attribute is 
$4.12, compared to $3.14 for direct-fed microbials. A striking observation is the extent of 
spread for average WTP. For participants in the control group, the estimated standard 
deviation is $3.91 for ground beef with the vaccine attribute, and $3.14 for direct-fed 
microbials, which suggest substantial heterogeneity in WTP for the two interventions.  
Across the information treatment groups, the highest WTP amounts for ground 
beef with vaccines and the direct-fed microbials’ attributes are recorded in the loss-
framed with media story group, at $5.28, and $4.44, respectively. These estimates are 
comparable to average WTP amounts for the loss-framed information group, at $5.21 for 
ground beef with the vaccine attribute, and $4.30 for ground beef with direct-fed 
microbials. For these two groups, their respective 95% confidence intervals do not 
overlap with the 95% confidence intervals for the control group, indicating that the 
estimated WTP from these groups are significantly different from the control group. It 
can be consequently concluded that participants who received either the loss-framed 
message, or the loss-framed message with the media story were willing to pay higher 
amounts than those in the control group who did not receive any accompanying 
information, except the general information about the E. coli bacteria and the two 
technologies which all groups were also exposed to. This finding is consistent with other 
studies that have found that messages framed as losses are more persuasive (Meyerowitz 
and Chaiken 1987; Abhyankar, O’Connor and Lawton 2008). The results also highlight 
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the persuasive impact of loss-framed messages when issue involvement is high, which is 
elicited with the media story in this study. Maheswaran and Meyers-Levy (1990) found 
that loss-framed information was more persuasive among participants in a high 
involvement group in changing attitudes towards cholesterol testing.  
Table 6.  Mean Willingness to Pay  
Attribute WTP Estimate Control Gain Loss Media 
Story 
Gain + 
Media S 
Loss + 
Media S 
Ground beef with 
vaccine attribute 
Point Estimate $4.12 $4.76 $5.21 $4.21 $4.26 $5.28 
 Lower 95% CI $3.62 $4.16 $4.73 $3.70 $3.75 $4.77 
 Upper 95% CI $4.62 $5.36 $5.71 $4.72 $4.76 $5.80 
        
Ground beef with 
direct-fed microbials 
Point Estimate $3.14 $3.49 $4.30 $3.67 $3.89 $4.44 
 Lower 95% CI $2.60 $2.90 $3.82 $3.19 $3.36 $3.96 
 Upper 95% CI $3.65 $4.04 $4.78 $4.13 $4.40 $4.94 
Confidence intervals estimated with the Krinsky-Robb procedure, using 10,000 repetitions 
Although the average WTP estimates for ground beef with the two interventions 
for the gain-framed message, the media story, and the gain-framed message with media 
story groups are all higher than the WTP estimate in the control group, the 95% 
confidence intervals in the former information groups overlap with the confidence 
intervals in the control group. This provides little evidence about the statistical difference 
in WTP between these individual groups, and the control. Layton and Brown (2000), 
however, suggest a way to test this difference using the likelihood ratio test. They 
propose the pooling of the two models for the information groups of interest, (the control 
group plus an information treatment group), and then a test to check whether all 
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coefficients in the two models can be restricted as equal. Although this test is strict given 
that not all coefficients are used in the WTP estimation, we find no significant differences 
at the 5% level of significance between the control group and each of the remaining 
information groups (gain-framed message, media story, and gain-framed message with 
media story groups) (see section II in the Appendix for test results). While other types of 
information frames influence consumer attitudes, this outcome further shows that 
messages framed as losses can be more persuasive in shaping consumer valuation of food 
safety attributes.  
6.3 Welfare Analysis for Different Attribute Combinations  
An advantage of using choice experiments is that economic welfare impacts from 
different attribute combinations can be determined. Theoretically, welfare measures in 
economics utilize the concepts of equivalent and compensating variations, which are 
economic surplus measures. Considering vaccines against E. coli and direct-fed 
microbials as welfare enhancing interventions, we evaluate the compensating variation, 
i.e., the maximum amount of money participants would be willing to pay or willing to 
accept to be as well off with these interventions as they would have been without them. 
Computing changes in indirect utilities for different attribute combinations is a vital 
component of estimating the economic surplus, as shown in equation 14: 
𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑠𝑢𝑟𝑝𝑙𝑢𝑠 = −(
1
𝛽𝑝𝑟𝑖𝑐𝑒
) (𝑉1 − 𝑉2) (14) 
𝑉1 is the conditional indirect utility associated with the base option, and 𝑉2 represents the 
alternative with the change.  
For this study, the base option is designated as ground beef from cattle that has 
not been treated with any of the two food safety technologies. The alternative is ground 
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beef from cattle treated with one of the two interventions. Following Bennett and Blamey 
(2001), we estimate welfare changes for two hypothetical scenarios which are compared 
to a base scenario; these scenarios as described below:  
Base option  a pound of ground beef from cattle with no pre-slaughter treatments 
applied, that is organic, 93% lean, grass-fed and priced at $4.49 
Scenario 1  a pound of ground beef from cattle vaccinated against E. coli, organic, 
93% lean, grass-fed and priced at $4.49 
Scenario 2:  a pound of ground beef from cattle given direct-fed microbials, organic, 
93% lean, grass-fed and priced at $4.49.  
The indirect utility equations used for the above scenarios is:  
𝑉?̂? = 𝛼𝑖 + 𝛽1𝑜𝑟𝑔𝑎𝑛𝑖𝑐 + 𝛽2𝐿𝑒𝑎𝑛93% + 𝛽4𝐺𝑟𝑎𝑠𝑠𝑓𝑒𝑑 + 𝛽5𝑃𝑟𝑖𝑐𝑒 (15) 
where 𝛼𝑖 = coefficients for vaccines, direct-fed microbials, or no treatment attribute 
levels. 
Economic surplus was determined using results from the RPL model. 
Table 7. Welfare Change for Beef with the Food Safety Interventions21  
 Control Gain-
framed 
Loss-
framed 
Media 
story 
Gain + 
Media story 
Loss + 
Media story 
Scenario 1 $1.71 $2.72 $3.69 $1.85 $2.40 $3.75 
Scenario 2 $0.73 $1.45 $2.77 $1.31 $2.03 $2.92 
 
Results for the estimated welfare changes for the two scenarios are reported in Table 7. 
They illustrate that across all information treatment groups, participants are willing to pay 
to have vaccines and direct-fed microbials as options in beef production. Most importantly, 
                                                 
21 Economic surplus values had negative signs, which is an indication of participants WTP (Bennett and 
Blamey 2011). 
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this reflects a positive welfare effect for the two attributes in ground beef. Consistent with 
WTP results, the welfare change is higher in scenario 1 with the vaccine option. 
Participants in the loss-framed group, and the loss-framed group with the media story 
recorded the highest positive welfare change from the two interventions, similar to the 
WTP estimates.  
7. Conclusions 
Consumer acceptance of and WTP for food safety technologies is an important 
determinant of the successful adoption of such technologies by producers, processor 
and/or retailers. Building on research that affirms the role of information in shaping 
consumer attitudes towards new food technologies, this study explored the persuasive 
influence of message framing and involvement on consumers’ WTP for ground beef from 
cattle vaccinated against E. coli, and fed direct-fed microbials. While animal vaccines 
against E. coli and direct-fed microbials have been approved for use by the USDA and 
FDA, respectively, their adoption has been modest, despite scientific evidence supporting 
their effectiveness.  
Grouped into six information treatments including a control group, participants 
were exposed to general information about E. coli and the potential benefits of cattle 
vaccines and direct fed microbials, gain-framed and loss-framed messages highlighting 
the benefits gained or forgone, respectively, from taking advantage of the technologies, a 
media food safety-related story, and combinations of both the gain-framed or loss-framed 
message and the media story. By including the media story which highlighted the plight 
of a young woman who suffered a severe form of an E. coli illness, the study examined 
the impact of issue involvement on participants’ WTP. A significant finding was that 
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participants were willing to pay positive amounts for the two interventions. For instance, 
the average WTP for one pound of ground beef with the vaccine attribute among 
participants in the control group was estimated at $4.12. Tonsor and Schroeder (2015) 
determined a cost increase of $14.99 per head for cattle if vaccines against E. coli are 
implemented, which is the more expensive case. Given WTP results from our study, the 
potential exists for market success for beef products with the vaccine attribute. For both 
animal vaccines and direct-fed microbials, more than 80 percent of participants favored 
their use in beef production to reduce the risks of E .coli contamination. There was a 
demonstrable preference for animal vaccines than direct-fed microbials as attributes in 
ground beef, a likely response to the general information provided in the survey 
indicating that animal vaccines reduced the incidence of E. coli in cattle by as much as 
80%, compared to 50% for direct-fed microbials. Participants also preferred leaner 
ground beef, and favored organic and grass-fed beef compared to their conventional and 
grain-fed counterparts, respectively.  
Even though both gain-framed and loss-framed messages can be persuasive, we 
found a stronger persuasive influence of the loss-framed message, and the combined loss-
framed message with the media story on participants’ WTP. Participants exposed to these 
two messages recorded the highest WTP for ground beef treated with vaccines or direct-
fed microbials attributes, compared to participants in the control group. The stronger 
persuasive influence of the loss-framed message on WTP fits with Kahneman and 
Tversky’s (1979) prospect theory which explains the concept of loss aversion, and in this 
case forgoing the opportunity of reducing the risk of an E. coli infection when consuming 
beef. Average WTP values for participants who received the media story was only 
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marginally higher than WTP amounts in the control group. Even though intended to elicit 
issue involvement concerning the risk of an E. coli infection from beef consumption, the 
media story was possibly perceived as an isolated case of an infection, or participants 
may perhaps have downplayed their vulnerability to such infections. However, presenting 
the media story together with the loss-framed information strengthened the significance 
of the technologies and the seriousness of the risks, making the combined information 
more persuasive (Maheswaran and Meyers-Levy 1990). Study findings also show that 
having the two technologies in beef production has a net positive welfare effect on 
consumers. Overall, these results provide valuable insights for policy makers and 
agricultural communicators, that disseminating information about food safety 
technologies/interventions in terms of benefits forgone may be a more effective strategy.  
The research can be expanded upon in a number of ways. In this study, we 
examined WTP for beef products from cattle treated with two food safety interventions 
by exposing participants to general information about the interventions, a news media 
story, and gain-framed and loss-framed information. It would be interesting to explore 
how this information can be provided to consumers through product labels, and how 
consumers would perceive such labels. Examining whether a premium retail market exist 
for beef products with food labels that communicate the presence of these food safety 
interventions is the focus of future research. 
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APPENDIX 
I: Information treatments 
General Information 
The following information briefly describes human E.coli bacterial infections and recent 
production practices in the beef sector that can reduce human exposure and illness. Please 
read carefully.  
 
Human illness due to infections with E. coli bacteria such as E. coli O157 is a serious 
health concern. The Centers for Disease Control estimates that E. coli infections cause 
approximately 265,000 illnesses in the United States each year. A major carrier of the E. 
coli O157 strain is cattle and more than one third of all human infections and illnesses 
caused by E.coli O157 are associated with the consumption of contaminated beef.  
Direct-fed microbials and vaccines are two recent production practices in the beef sector 
that have proven to be effective in reducing E. coli O157 bacteria in cattle.  Direct-fed 
microbials are live, naturally occurring, microorganisms added to animal feed that 
compete with the more serious form of E. coli in the guts of cattle. Direct-fed microbials 
can potentially reduce human E. coli O157 infections by as much as 50%. Vaccines 
against E. coli O157 when administered to cattle can potentially reduce human E. coli 
O157 infections by as much as 80%. There are no known risks to animals or humans 
associated with the use of direct-fed microbials and vaccines. Both treatments have been 
approved for use; direct-fed microbials by the Food and Drug Administration and 
vaccines by the US Department of Agriculture.  
 
Gain-framed message 
When cattle are vaccinated against E. coli O157 or have direct-fed microbials included in 
their diet, human cases of E. coli O157 infections can be substantially reduced (up to 
80%).  
When you choose to consume meat products from cattle that have received either of these 
treatments, you are reducing your risks of an E. coli O157 food infection. 
Even if you do not consume beef, you benefit from cattle being vaccinated or fed direct-
fed microbials. The reduction of E.coli bacteria in cattle, decreases the environmental 
dissemination of E.coli into irrigation water and onto produce which reduces potential 
human exposure.  
Loss-framed message 
When cattle are vaccinated against E. coli O157 or have direct-fed microbials included in 
their diet, human cases of E. coli O157 infections can be substantially reduced (up to 
80%).  
When you choose to consume meat products from cattle that have not received either of 
these treatments, you increase your risks of an E. coli O157 food infection.  
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Even if you do not consume beef, you face greater health risks when cattle are not 
vaccinated or fed direct-fed microbials. The reduction of E.coli bacteria in cattle, 
decreases the environmental dissemination of E.coli into irrigation water and onto 
produce which reduces potential human exposure.  
Media Story 
The following information briefly describes the health implications of E. coli O157 
infections in the U.S. Please read carefully. 
 
The Centers for Disease Control estimates that each year, 1 in 6 Americans (48 million 
people) gets sick, 128,000 are hospitalized and 3,000 die of foodborne illness. Shiga 
toxin producing E. coli bacteria can cause such illness that can lead to dehydration, 
abdominal cramps, bloody diarrhea and in more severe cases kidney failure or even 
death. People of any age can become infected with E. coli O157, and while very young 
children and the elderly are more likely to develop severe illness than others, even 
healthy older children and young adult can become seriously ill. 
 
A story published by The New York Times in its October 3, 2009 edition reports the case 
of Stephanie Smith, a children’s dance instructor, age 22, who suffered a severe form of 
food-borne illness caused by E. coli O157:H7. The illness, which was traced to the 
hamburger her mom grilled for their Sunday dinner in early Fall 2007, left her paralyzed 
and at risk of kidney failure.  
 
Cheap Talk Script 
For each of the following twelve questions please indicate which package of one pound of 
ground beef you would purchase. While making your selection we want you to keep in 
mind that results from previous similar surveys show that people often state that they are 
willing to pay more for a good under a hypothetical purchase than what they actually pay 
for the good in the store. This is called ‘hypothetical bias’. To avoid ‘hypothetical bias’ it 
is important that you make each of your upcoming selections exactly as you would if you 
were facing these same choices in a store; keeping in mind that when you buy a product 
you have less money available for other purchases.  
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II. Demographic differences among information treatment groups  
Pearson chi square test for differences among information groups, by ethnicity, college 
and gender 
  Ethnicity College Gender 
Group 
Other 
ethnicities Caucasians 
Some college 
or less 
College or 
higher Female Male 
Control 83 223 122 184 150 156 
Gain-framed 92 203 118 177 156 139 
Loss-framed 93 211 116 188 154 150 
Media Story 87 222 120 189 153 156 
Gain-framed + Media S. 83 229 119 193 160 152 
Loss-framed + Media S. 97 219 118 198 156 160 
Total 535 1307 713 1129 929 913 
            
Chi-square statistic 2.9972 0.7133 1.2959 
P-value 0.700 0.982 0.935 
 
 One-way Analysis of Variance for differences among information groups, by age and 
income 
Variable Source F value Prob > F 
Age Between groups 0.25 0.938 
Income Between groups 0.42 0.431 
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III: Likelihood Ratio Tests for Willingness to Pay Comparison  
 
Control and Gain-framed group           
Model  Obs ll(null) ll(model) df AIC BIC 
Control + gain-framed 
message  28,624 -9393.29 -6808.886 15 13647.77 13771.70 
Control  14,592 -4773.99 -3427.566 15 6885.132 6998.955 
Gain-framed message  14,032 -4603.608 -3377.975 15 6785.95 6899.186 
       
Likelihood Ratio stat 6.69      
Prob > Chi2 0.9657      
             
Control and media story group      
Model Obs ll(null) ll(model) df AIC BIC 
Control + media story 29,288 -9595.169 -7076.318 15 14182.64 14306.91 
Control 14,592 -4773.99 -3427.566 15 6885.132 6998.955 
Media story  14,696 -4816.597 -3653.555 15 7337.11 7451.04 
       
Likelihood Ratio stat -9.61      
Prob > Chi2 1.0000           
       
       
Control and gain-framed + Media story            
Model  Obs ll(null) ll(model) df AIC BIC 
Control + gain-framed + 
media story  29,460 -9605.147 -6912.293 15 13854.59 13978.95 
Control 14,592 -4773.99 -3427.566 15 6885.132 6998.955 
Gain-framed + media story 14,868 -4822.684 -3498.247 15 7026.494 7140.599 
       
Likelihood Ratio stat -27.04      
Prob > Chi2 1.0000           
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ESSAY 3: LABELING FOOD SAFETY ATTRIBUTES: TO INFORM OR NOT 
TO INFORM? 
Abstract 
Even though consumers expect and demand safe food, foods produced with unique food 
safety enhancing processes have been challenging to differentiate in the market. The goal 
of this study is to explore ways of communicating food safety attributes and to examine 
consumer attitudes towards, and willingness to pay (WTP) for food safety labeling cues. 
The food labels used in this study include vague, unsubstantiated claims of food safety 
and more precise descriptions of a food safety enhancing technology to test the 
hypothesis that uninformative or unsubstantiated food labels with a positive message may 
resonate more strongly with consumers than labels that provide factual information to 
corroborate food safety claims. Using the case of cattle vaccines against E. coli which 
could be effective in reducing human cases of E. coli infections from beef consumption, a 
hypothetical survey was developed and conducted in several grocery stores. Participants 
decided between ground beef with a standard label, and one that, in addition to the 
standard label, included a label with food safety information. Three versions of the food 
safety label were designed, and participants were randomly assigned to one of the three 
labels. More than two thirds of respondents who received the label with the 
unsubstantiated food safety claims chose this option, in contrast with the remaining two 
labeling options that provided more precise descriptions of the food safety enhancing 
technologies to support food safety claims. Empirical results from a double-bounded 
dichotomous choice model found an average premium price of $1.63 for a pound of 
ground beef with a food safety label, with the highest premium recorded for the label 
with the unsupported food safety claims. These findings suggest a potential market for 
products with food safety interventions, but also suggests tactful communication of such 
interventions on food labels. 
Key words: vaccines against E. coli; food safety enhancing attributes; food labels; 
hypothetical survey; willingness to pay. 
1. Introduction 
Food labels have gradually evolved from simply conveying nutritional information to 
communicating the presence of desirable or the absence of undesirable food attributes 
and/or production technologies. The development of several niche food markets has been 
enabled by labels highlighting the existence of positive or the absence of “negative” food 
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attributes and/or technologies, effectively targeting consumers valuing this type of 
information. Examples include the “All Natural”, “No antibiotic”, “No GMOs”, “Cage-
free”, and “rBST-free” food labels.  
Evidence that consumers value and are willing to pay for such labels abounds. 
Wang et al. (1997) found that consumers concerned about rBST use in dairy production 
were also willing to pay more for the rBST-free label. Kanter, Messer and Kaiser (2009) 
showed that having rBST-free milk reduced willingness to pay (WTP) for conventional 
milk by as much as 33%, after participants had been introduced to information about 
rBST-free milk. Liaukonyte et al. (2013) used experimental auctions to examine 
consumer response to “Contains” and “Free of” labels, and how complementing such 
labels with negatively or positively framed messages influence opinions of them. The 
study examined some strongly debated production processes such as the use of 
genetically modified organisms (GMOs), antibiotics, irradiation, use of growth 
hormones, and high fructose corn syrup. They found that without any additional 
information, the “Free of” labels did not have a significant influence on WTP. The 
authors also noted that the “Contains” label exerted a negative impact on the bidding 
behavior of participants, even when it was complemented with positively-framed 
information.  
There is also evidence that consumers are concerned about, and are willing to pay 
price premiums for healthy, safe and good quality foods (Loureiro and McCluskey 2000). 
Verbeke and Ward (2006) reported that beef labeling cues that were rated as important by 
consumers were those related to perceived meat quality and safety. In a study that 
examined consumer preferences for beef attributes, Loureiro and Umberger (2007) 
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observed that respondents were willing to pay higher premiums for the USDA safety 
inspection label in ribeye steaks which surpassed WTP amounts for country of origin and 
traceability characteristics. A number of studies have also found that consumers are 
willing to pay for specific food safety enhancing technologies such as irradiation. Nayga, 
Poghosyan and Nichols (2002) surveyed consumers to investigate their attitudes towards 
food irradiation and reported that approximately 60% of those surveyed were willing to 
pay a premium price for irradiated beef. Nayga, Aiew, and Woodward (2004) examined 
consumer preferences for irradiated beef, and found WTP premium amounts between 75 
cents to 78 cents for a pound of irradiated ground beef, amounts considered adequate to 
cover the cost of the technology on a commercial scale. Huang, Wolfe, and McKissick 
(2007) reported that consumers in the U.S state of Georgia were open to the use of 
irradiation in foods, with 65% of them expressing intent to purchase.  
Despite consumer expectation of,22 and preference for safer food, foods produced 
with unique food safety enhancing interventions have been rather challenging to 
differentiate in the market. This challenge stems in part from consumer misapprehension 
of the technologies adopted to ensure safer food products and in part due to food labeling 
claims that are uninformative or ambiguous, and the use of terms that do not have 
standardized interpretations (Palma, Collart, and Chammoun 2015). Thus, even though 
consumers are willing to pay, and are accepting of certain food safety enhancing 
technologies when they are provided with information about their potential beneficial 
effects, the challenge is how to effectively communicate such technologies on food 
                                                 
22 According to the 2012 Food and Health Survey by the International Food Information Council, 78% of 
American consumers expressed confidence in the safety of foods in the United States (see 
http://www.foodinsight.org/Content/3848/FINAL%202012%20Food%20and%20Health%20Exec%20Sum
mary.pdf) 
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labels, and how much detail to provide to substantiate food safety claims. This is 
particularly so for technologies consumers may be unfamiliar with (e.g., 
nanotechnology), or technologies not yet introduced.  
The goal of this study is to identify effective ways of communicating food safety 
attributes on food labels and, in this context, examine consumer attitudes towards, and 
willingness to pay (WTP) for various food safety labeling cues. The food labels used in 
this study include both vague, unsubstantiated claims of food safety and more precise 
descriptions of a food safety enhancing technology to test the hypothesis that 
uninformative or ambiguous food labels with a positive message may resonate more 
powerfully with consumers than labels that provide factual information to corroborate 
food safety claims.  
Specifically, the study investigates consumers’ response to, and their labeling 
preferences for beef products from cattle vaccinated against virulent strains of E. coli. 
Vaccines against E. coli O157:H7 have been approved for use by the United States 
Department of Agriculture (USDA), have been shown to be effective in reducing the 
incidence of the bacteria in cattle by as much 80% (Hurd and Malladi 2012), and can 
potentially decrease human cases of E. coli infections by at least 85% (Matthews et al. 
2013). Notwithstanding the evidence supporting their effectiveness, they have received 
only limited adoption by beef producers (Callaway et al. 2009). This is partly attributable 
to the cost of the recommended application of the vaccine intervention, which can 
possibly erode producer surpluses if not matched by an increase in demand (Tonsor and 
Schroeder 2015). For this reason, capturing a price premium for beef products produced 
with this food safety intervention makes their differentiation in the retail market 
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particularly pertinent for producers and processors. However, signaling food safety 
attributes through food labels, and more so in the case of vaccines against E. coli may be 
challenging for two reasons. First, the word “vaccine” on a food label may elicit mixed 
reactions among consumers, from concerns about drug resistance to the skepticism 
surrounding the long-term effect of vaccinations held by some. The second concern 
involves having the name of bacteria such as E. coli on a beef label, which may be 
subject to diverse interpretations.  
Focusing on a technology that has not seen widespread adoption, a major contribution 
of this study is in the design of the food safety labels using both vague food safety claims 
and precise descriptions of the technology to gauge consumer labeling preferences. This 
approach sheds light on labeling food technologies that consumers may be apprehensive 
about, or unfamiliar with. Albeit study goals were accomplished using a hypothetical 
survey, we sought to mitigate potential bias by using shoppers in grocery stores. 
Empirical results suggest a stronger preference for the food safety label with the 
unsupported claim of food safety than the food safety labels that provided information 
about the vaccine intervention to corroborate the food safety claim. Results further show 
that the food safety label with the unsupported food safety claims recorded the highest 
WTP among participants who were exposed to, and who chose this option, providing 
important insights about consumer response to divergent food safety labeling cues. 
The rest of the study is structured into six sections. Section 2 describes the 
experimental design used in the survey, followed by a summary of the data in section 3. 
Section 4 describes the multinomial logit model and the double bounded dichotomous 
choice (DBCV) elicitation method. Results from the empirical findings are discussed in 
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section 5, followed by a discussion on participants’ preferences for the standard ground 
beef label in section 6. The paper ends with concluding thoughts from the findings in 
section 7.  
2. Experimental Method 
A hypothetical survey was developed to achieve study goals in light of the fact that beef 
products from cattle treated with vaccines against E. coli O157 are not widely available 
in the market. Shoppers at five different grocery stores in Lincoln, Nebraska were 
recruited to participate in the survey between December 2016 and January 2017, yielding 
a total of 445 participants who were also beef consumers. The stores include three 
Nebraska local grocery brands, a mid-western chain, and a co-operative natural foods 
store. The five stores were selected to ensure a demographically diverse sample.23 
Designed using the Qualtrics software, participants completed the survey, which on 
average took 7 minutes on a laptop computer. Each store session lasted approximately 5 
hours. A session began by setting a table and laptop computers in a heavily trafficked part 
of the store, and asking shoppers whether they were beef consumers, and if so, whether 
they would be willing to participate in a short survey and earn a $15 store gift card. 
 The main part of the survey involved asking participants to choose between 
ground beef with a ‘standard’ label (i.e., found on a typical ground beef product) and one 
                                                 
23 The first grocery store was located in a suburban neighborhood, to help sample views from the largely 
middle class shoppers who live in the surrounding community. Shoppers in the second store were a 
demographically diverse mix, most likely a result of its location in a shopping district with adjoining shops 
and restaurants. The third and fourth grocery stores belonged to the same chain as the second; whereas the 
third store was situated in a largely low-income community, the fourth was in a more affluent part of town 
surrounded by a shopping mall and relatively new suburban communities. The fifth store, a cooperative 
natural foods store was chosen to represent consumers who are more inclined towards local and organic 
food products. 
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that, in addition to the standard label, had a second label with food safety information. 
Three versions of the food safety labels were designed. The first showed the phrase 
“Safer Choice” in a circle with a sentence below indicating that the product is “from 
cattle raised under strict health standards to ENHANCE beef safety”. In this version, no 
evidence is provided to support the food safety claim. We refer to this version as the 
‘uninformative’ or ‘unsubstantiated claim’ version (Safer Choice/Enhance hereafter). The 
second food safety label showed the same “Safer Choice” phrase with a sentence below 
that provided precise information about the technology used to enhance food safety, 
describing the product as originating “from cattle vaccinated against E. coli to 
REDUCE the risk of illness” (Safer Choice/Vaccinated hereafter). The third label showed 
the word E. coli in a red circle with a diagonal strikethrough to buttress the safety of the 
beef product from E. coli bacteria with a sentence below identical to the second food 
safety label (E. coli/Vaccinated hereafter). The E. coli with the slash through design for 
the third label was intended to mimic other ‘free of’ labels such as ‘No antibiotics’ and 
‘No hormones’, without the claim, however, that the product is entirely free of E. coli 
bacteria. Even though the second and third food safety labels shared the same 
accompanying description/information, the distinguishing characteristic was the name of 
a bacteria displayed (E. coli) on the third label, contrasting with the more positive display 
(Safer Choice) on the second. 
Each of the designed food safety labels was displayed to the left of the standard 
label on the ground beef product. The survey was designed such that participants were 
randomly assigned to one of the three food safety labeling options, with approximately 
150 participants in each group. Thus, each participant saw only one (of the three) food 
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safety label and had to choose between two options; ground beef with the standard label 
(option A), or ground beef with the standard plus a food safety label (option B). To 
reflect food labels in an actual retail store setting, and to solely examine consumers’ 
response to the food labels, no additional information about E. coli or vaccines were 
included in the survey. The food labels used in the survey are shown in section I of the 
Appendix. 
2.1 Methodological Approach 
To determine participants’ WTP for the ground beef with the additional food safety label, 
those who chose option B (the standard label plus food safety label) answered follow-up 
questions using the double bounded contingent valuation (DBCV) elicitation format 
which presents two random premium bid amounts, with the second bid contingent on the 
first, following Hanemann, Loomis and Kanninen (1991). By asking the second question, 
the DBCV uses more information to determine WTP values, which improves the 
efficiency of the estimation (Hanemann, Loomis and Kanninen 1991).  “Respondents 
who chose option A (i.e., the ground beef with only the standard label) were asked 
whether they would be willing to purchase option B at a discount, if that were their only 
choice. For those who answered Yes, the DBCV was used to determine the discount 
amounts such participants would be willing to accept to purchase the ground beef in 
option B. Those who were not willing to purchase option B at a discount were requested 
to provide a reason for this choice.  
In our study, participants who chose option B were assigned a random premium 
bid amount, in excess of the base price of conventional ground beef (option A) which was 
given as $4.30, and were asked whether they would be willing to pay this premium in 
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addition to the original price for a pound of ground beef with the food safety label. If they 
answered Yes to the first premium bid, they were asked about their willingness to pay an 
amount greater than the initial bid. If they answered No to the first premium bid, the 
subsequent question posed a bid lower than the initial (still a premium over option A). As 
indicated, there were only two bidding rounds, with the follow-up bid conditioned on a 
participant’s answer to the first bid. Figure 1 depicts participants’ labeling choice. 
 
 
 
 
9
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Figure 1.  The Labeling Choice
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The range of bid values that were used as premiums over the base price of the 
ground beef with the standard label were $0.40, $0.80, $1.20, $2.00, and $3.00, guided by 
a previous study (Britwum and Yiannaka 2016) determining consumer WTP for ground 
beef from cattle treated with vaccines against E. coli. Five bid values were considered 
sufficient, following suggestions about loss of information and efficiency when more 
than six bid values are used (Creele 1998; Hanemann and Kanninen 2001). The premium 
bids are shown in Table 1. 
Table 1. Premium bids used 
Initial bid Lower bid (if answered NO 
to initial bid) 
Higher bid (if answered 
YES to initial bid) 
$0.80 $0.40 $1.20 
$1.20 $0.80 $2.00 
$2.00 $1.20 $3.00 
 
The discount bids were also presented as two random amounts, with the second discount 
amount conditioned on the first, drawing parallels with the premium bid range.24 The 
discount amounts used are shown in Table 2. 
Table 2. Discount bids used 
Initial discount Lower discount (if YES 
to initial discount offer) 
Higher discount (if NO 
to initial discount offer) 
$0.40 $0.20 $0.80 
$0.80 $0.40 $1.20 
$1.20 $0.80 $1.50 
                                                 
24 This set-up is similar to McCluskey (2003), who posed a second question to respondents willing to 
purchase a genetically modified (GM) food product at the same price as the non-GM version. Respondents 
who answered Yes were asked whether they were also willing to purchase the GM product at a percentage 
premium, otherwise at a discount. 
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3. Data and Descriptive Statistics 
In addition to each participant’s labeling decision, the survey gathered information about 
knowledge and opinions of animal production practices, beef consumption habits, views 
about the government’s role in ensuring food safety, and demographic characteristics. 
Table 3 displays descriptive statistics of participants’ responses.  
Table 3. Descriptive Statistics and Variable Definition 
Variable Description Mean Std. 
Dev. 
Attitudes, knowledge & opinion 
Personal health issues  Food purchasing decision based on health issues, 
1= never to 4= always 
2.81 0.85 
Food labels  Food purchasing decision based on food labels,  
1= never to 4= always 
2.85 0.81 
Read labels Frequency of reading food labels,  
1= never to 4= always 
2.95 0.80 
Knowledge vaccines Knowledge of animal vaccines,  
1= nothing to 4= a great deal 
2.33 0.95 
Accept vaccines  Acceptance of animal vaccines,  
1= totally unacceptable to 5= totally acceptable 
3.09 1.12 
Burgers cooked  Preference of cooking beef burgers 1= rare to 4= 
well done 
3.07 0.81 
Opinion about the government’s role   
Label vaccines  Meat from vaccinated cattle should be labeled,  
1= strongly disagree to 5= strongly agree 
3.91 1.11 
Ensure safety  Government should ensure safety of food, 
1=strongly disagree to 5= strongly agree 
4.14 1.13 
Mandate vaccines Government should mandate the use of animal 
vaccines, 1= strongly disagree to 5= strongly agree 
3.34 1.24 
Demographics    
Primary shopper 1 if subject does most of household grocery 
shopping, 0 otherwise 
0.93 0.26 
Children at home 1 if subject lives with children under 18 years of 
age, 0 otherwise 
0.38 0.49 
College 1 if subject has some college education or higher, 
0 otherwise 
0.82 0.38 
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Male  1 if subject is male, 0 female 0.40 0.49 
White  1 if subject’s ethnicity is white, 0 otherwise 0.71 0.45 
Income  Household income, in thousands 57.32 51.13 
Age Age in years 46.49 16.66 
Personal health issues and food labels were rated as important in food purchasing 
decisions. With means at 2.81 and 2.85, respectively, participants were frequently 
influenced by these factors in their food purchases. Consistent with these findings, 
participants reported a high frequency of reading food labels. Respondents on average 
had little to moderate knowledge of animal vaccines, with modest acceptance of their use 
in animal production. There was strong approval for labeling meat products from cattle 
vaccinated against E. coli, and for the government to be involved in ensuring safer foods. 
Participants were on average moderately approving of the government mandating the use 
of animal vaccines, with a mean of 3.34 on a 1 to 5 scale ranging from strongly 
disagreeing to strongly agreeing. Demographic variables show that 93% of respondents 
were principal grocery shoppers in their households, which is an expected outcome given 
that the surveys were conducted in grocery stores. About 82% had some college 
background, or at least a bachelor’s degree. The majority of respondents, at 71%, were 
whites, slightly lower than the state of Nebraska’s 89%, and the city of Lincoln’s 86% 
white population. Average household income was about $57,000, with the average age at 
47 years.  
Statistics of some key demographic characteristics were also examined across 
preferences for the ground beef labeling options, as displayed in Table 4. The highest 
average household income, at $66,197, was recorded for participants who were assigned 
to, and who chose the ground beef with the E. coli/Vaccinated label. A subsequent t-test 
showed that average income among those who chose option B in this group was 
94 
  
 
 
significantly different from the average income of participants who chose option A at the 
5% level of significance (see test in section II of the Appendix).  
Table 4. Demographic Characteristics Based on Ground Beef Label Choices 
Demographic 
characteristic 
Option A / 
Standard label 
Option B / Food safety label Will not purchase 
Income $49,662 Safer 
Choice/Enhance 
$64,109 $56,607 
  Safer 
Choice/Vaccinated 
$52,747  
  E. coli/Vaccinated $66,197  
College 0.77 Safer 
Choice/Enhance 
0.84 0.89 
  Safer 
Choice/Vaccinated 
0.80  
  E. coli/Vaccinated 0.83  
Children at 
home 
0.43 Safer 
Choice/Enhance 
0.36 0.33 
  Safer 
Choice/Vaccinated 
0.34  
  E. coli/Vaccinated 0.42  
Average household income for participants who were exposed to, and who chose 
the ‘Safer Choice/Enhance’ label was also statistically different from household income 
for participants who chose option A, at the 5% level of significance (see test in section II 
of the Appendix). What is noteworthy here is that participants who chose option B (from 
any one of the three food safety labels seen) had a higher average income than 
participants who chose the standard label only. Clearly, this presents a more nuanced 
result of participants and their responses to safer food options based on unique 
demographic characteristics. An interesting observation concerned participants who 
chose neither option A nor option B (will not purchase). For those in this group, 89% of 
them had a least a college background. At least 80% of participants who chose option B 
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(any one of the three food safety labels assigned) had more than a high school education. 
Also, 43% of respondents who opted for the ground beef with only the standard label 
(option A) lived with children less than 18 years, with this proportion decreasing to 34% 
among those who saw, and chose the ‘Safer Choice/Vaccinated’ label version. This 
difference was not statistically significant (Chi-square = 0.66 [1 df]), however. Among 
participants who were assigned to, and who chose the E. coli/Vaccinated food label, 42% 
of them lived with children less than 18 years at home, similar to the 43% of participants 
who also chose option A. 
4. Empirical Models 
4.1 Multinomial Logit Model 
The multinomial logit model was used to model choice among J alternatives as a function 
of individual characteristics (Hoffman and Duncan 1988). The alternatives comprised of 
a participant’s choice among the ground beef with only the standard label (option A), the 
ground beef with the standard label plus a food safety label (option B), and the choice to 
purchase neither of these two options. Participants are assumed to be utility maximizers, 
and choose the option that yields the highest utility. Let 𝑈𝑖𝑗 be an individual’s indirect 
utility function for a given option, expressed as: 
𝑈𝑖𝑗 = 𝑥𝑖
′𝛽𝑗 + 𝜀𝑖 (1) 
where the subscript i represents an individual, and j the alternative. The vector 𝑥𝑖 captures 
individual i’s characteristics, and 𝜀𝑖 the random error term that consists of unidentified 
factors that influence a participant’s choice, and is independently and identically 
distributed with an extreme value type 1 distribution. Since an individual’s true utility 
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cannot be observed, the probability of a choice is used as a proxy in the estimation, and 
given as:  
𝑃𝑟𝑜𝑏{𝑦𝑖 = 𝑗} = 𝑃𝑟𝑜𝑏{max(𝑈𝑖1,…… . , 𝑈𝑖𝐽)} (2) 
 
The probability that individual i chooses alternative j, as shown by McFadden (1973), is:  
𝑃𝑟𝑜𝑏(𝑦𝑖 = 𝑗|𝑥𝑖) =
𝑒𝑥𝑖
′𝛽𝑗
∑ 𝑒𝑥𝑖
′𝛽𝑘𝐽
𝑘=1
 (3) 
 
Equation 3 is the multinomial logit model. For this study, the first response (option A) 
was designated as the reference or base category, and its probability is given as: 
𝑃𝑟𝑜𝑏(𝑦𝑖 = 1|𝑥𝑖) =
1
1 + ∑ 𝑒𝑥𝑖
′𝛽𝑘𝐽
𝑘=1
 (4) 
 The odds ratio of individual i choosing alternative j is:  
𝑃𝑟𝑜𝑏(𝑦𝑖 = 𝑗)
𝑃𝑟𝑜𝑏(𝑦𝑖 = 1)
= exp(𝑥𝑖
′𝛽𝑗) 
(5) 
The multinomial logit model was estimated using the maximum likelihood procedure. 
 
4.2 Double-bounded Contingent Valuation method 
The contingent valuation method is utilized to measure changes to an individual’s 
expenditure function, or their indirect utility function (Haab and McConnell 2002). An 
individual faced with a well-behaved utility function subject to an income constraint 
maximizes their utility given as:  
𝑣(𝑝, 𝑞, 𝑦) = 𝑚𝑎𝑥 {𝑢(𝑥, 𝑞) | 𝑝𝑥 ≤ 𝑦} (6) 
where x is a vector of private goods, q is a vector of public goods, and y is the 
individual’s income. Unlike x which is endogenous, q is exogenous to the individual. 
Using the compensating variation measure, we can determine the amount an individual is 
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willing to pay for an improvement in the public good from q0 to q1, such as their WTP for 
safer food attributes, defined as: 
𝑣(𝑝, 𝑞1, 𝑦 −𝑊𝑇𝑃) = 𝑣(𝑝, 𝑞0, 𝑦) (7) 
where q1 > q0, and q is a desirable good such that 𝜕𝑉 𝜕𝑞⁄ > 0. If the cost of the public 
good improvement is t, the individual will agree to pay this amount only if their WTP ≥ t. 
For the DBCV method, bivariate dichotomous choice valuation questions are asked, 
which results in four outcomes. Responses may fall into one of these four categories:   
i. Yes to both bids (yes, yes)  
ii. Yes to the first bid and no to the second (yes, no)  
iii. No to the first bid and yes to the second bid (no, yes), and  
iv. No to both bids (no, no).  
Assume that t1 and t2 are the two bid amounts, and WTPi represents a participant’s WTP a 
premium price for ground beef with the additional food safety label. Following 
Hanemann, Loomis and Kanninen (1991) and Lopez-Feldman (2012), answers to the two 
valuation questions will result in the following outcomes: 
𝐷𝑖 =
{
 
 
 
 𝑡
2 ≤ 𝑊𝑇𝑃𝑖 < ∞, 𝑖𝑓 𝑦𝑒𝑠 𝑡𝑜 𝑏𝑜𝑡ℎ 𝑏𝑖𝑑𝑠
𝑡1 ≤ 𝑊𝑇𝑃𝑖 < 𝑡
2, 𝑖𝑓 𝑦𝑒𝑠 𝑡𝑜 𝑓𝑖𝑟𝑠𝑡 𝑏𝑖𝑑 𝑎𝑛𝑑 𝑛𝑜 𝑡𝑜 𝑠𝑒𝑐𝑜𝑛𝑑
𝑡2 ≤ 𝑊𝑇𝑃𝑖 < 𝑡
1, 𝑖𝑓 𝑛𝑜 𝑡𝑜 𝑓𝑖𝑟𝑠𝑡 𝑏𝑖𝑑 𝑎𝑛𝑑 𝑦𝑒𝑠 𝑡𝑜 𝑠𝑒𝑐𝑜𝑛𝑑
𝑊𝑇𝑃𝑖 < 𝑡
2, 𝑖𝑓 𝑛𝑜 𝑡𝑜 𝑏𝑜𝑡ℎ 𝑏𝑖𝑑𝑠
 
 
(8) 
 
 Let a participant’s WTP be defined as: 
𝑊𝑇𝑃𝑖 = 𝑧𝑖
′𝛽 + 𝜀𝑖 (9) 
where 𝑧𝑖 is a vector of independent variables, 𝛽 is a vector of estimable parameters and 𝜀𝑖 
a random error term which is normally distributed with a constant variance 
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{𝜀𝑖~𝑁(0, 𝜎
2)}. Given this, the probability of each of the outcomes is given by equations 
(10), (11), (12) and (13).  
𝑃𝑟𝑜𝑏(𝑦𝑒𝑠, 𝑦𝑒𝑠) = 𝑃𝑟𝑜𝑏(𝑊𝑇𝑃𝑖 ≥ 𝑡
2) 
                               = 𝑃𝑟𝑜𝑏(𝑧𝑖
′𝛽 + 𝜀𝑖 ≥ 𝑡
2) 
                               = 𝑃𝑟𝑜𝑏 (
𝜀𝑖
𝜎
≥
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                               = 1 − Φ(
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                               = Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
)                 
 
 
 
 
(10) 
 
𝑃𝑟𝑜𝑏(𝑦𝑒𝑠, 𝑛𝑜)   = 𝑃𝑟𝑜𝑏(𝑡1 ≤ 𝑊𝑇𝑃𝑖 < 𝑡
2) 
                               = 𝑃𝑟𝑜𝑏(𝑡1 ≤ 𝑧𝑖
′𝛽 + 𝜀𝑖 < 𝑡
2) 
                               = 𝑃𝑟𝑜𝑏 (
𝑡1 − 𝑧𝑖
′𝛽
𝜎
≤
𝜀𝑖
𝜎
<
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                               = Φ(
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) − Φ(
𝑡1 − 𝑧𝑖
′𝛽
𝜎
) 
                               = Φ(
𝑧𝑖
′𝛽 − 𝑡1
𝜎
) − Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
)                                               
 
 
 
(11) 
 
 
𝑃𝑟𝑜𝑏(𝑛𝑜, 𝑦𝑒𝑠)   = 𝑃𝑟𝑜𝑏(𝑡2 ≤ 𝑊𝑇𝑃𝑖 < 𝑡
1) 
                               = 𝑃𝑟𝑜𝑏(𝑡2 ≤ 𝑧𝑖
′𝛽 + 𝜀𝑖 < 𝑡
1) 
                               = 𝑃𝑟𝑜𝑏 (
𝑡2 − 𝑧𝑖
′𝛽
𝜎
≤
𝜀𝑖
𝜎
<
𝑡1 − 𝑧𝑖
′𝛽
𝜎
) 
                               = Φ(
𝑡1 − 𝑧𝑖
′𝛽
𝜎
) − Φ(
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                               = Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
) − Φ(
𝑧𝑖
′𝛽 − 𝑡1
𝜎
)                                
 
 
 
(12) 
 
 
𝑃𝑟𝑜𝑏(𝑛𝑜, 𝑛𝑜)  = 𝑃𝑟𝑜𝑏(𝑊𝑇𝑃𝑖 < 𝑡
2) 
                            = 𝑃𝑟𝑜𝑏(𝑧𝑖
′𝛽 + 𝜀𝑖 < 𝑡
2) 
                            = 𝑃𝑟𝑜𝑏 (
𝜀𝑖
𝜎
<
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                            = Φ(
𝑡2 − 𝑧𝑖
′𝛽
𝜎
) 
                            = 1 − Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
)                 
 
 
(13) 
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Φ(.) is the standard normal cumulative distribution function of the error term, 𝜀𝑖. Given 
the outcomes from equations (10) through (13), the log likelihood function for N 
participants is:  
𝑙𝑛𝐿 =∑[𝐼𝑖
𝑦𝑒𝑠,𝑦𝑒𝑠𝑙𝑛 (Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
))
𝑁
𝑖=1
+ 𝐼𝑖
𝑦𝑒𝑠,𝑛𝑜𝑙𝑛 (Φ(
𝑧𝑖
′𝛽 − 𝑡1
𝜎
) − Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
))
+ 𝐼𝑖
𝑛𝑜,𝑦𝑒𝑠𝑙𝑛 (Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
) − Φ(
𝑧𝑖
′𝛽 − 𝑡1
𝜎
) )
+ 𝐼𝑖
𝑛𝑜,𝑛𝑜𝑙𝑛 (1 − Φ(
𝑧𝑖
′𝛽 − 𝑡2
𝜎
)  ) ] 
 
 
 
 
(14) 
 
𝐼𝑖
𝑦𝑒𝑠,𝑦𝑒𝑠, 𝐼𝑖
𝑦𝑒𝑠,𝑛𝑜, 𝐼𝑖
𝑛𝑜,𝑦𝑒𝑠 and 𝐼𝑖
𝑛𝑜,𝑛𝑜 are indicator variables equal to 0 or 1, depending on 
the outcome for each participant.  
Although the double-bounded dichotomous choice model has been shown to be 
more efficient than the single-bounded approach with no follow-up question (Hanemann, 
Loomis and Kanninen 1991), starting point bias can reduce the efficiency of the WTP 
estimates, with implications for statistical inference (Herriges and Shogren 1996). Where 
the initial bids are not close to the mean WTP, the estimates could also be potentially 
biased (Herriges and Shogren 1996; Alberini, Kanninen and Carson 1997). Starting point 
bias, also known as anchoring effect occurs when participants uncertain about the true 
cost of an attribute or a good misconstrue the starting bid as the true value. When 
participants anchor their WTP on the starting point bid, the follow-up question becomes a 
weighted average of a respondent’s prior WTP and the initial bid (Herriges and Shogren 
1996), given as:  
𝑊𝑇𝑃2 = 𝑊𝑇𝑃1(1 − 𝛾) + 𝛾𝑡
1 (15) 
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where 0 ≤ γ ≤ 1 is the anchoring weight placed on the initial bid t1, WTP1 is the prior 
WTP, and WTP2 is the posterior WTP. According to Alberini, Kanninen and Carson 
(1997), an underlying assumption of the double-bounded model is that answers given to 
both the initial and follow-up bids are consistent with a subject’s true WTP, i.e., 
WTP1=WTP2. With starting point bias, however, this assumption is violated, and as the 
anchoring weight γ increases, WTP approaches the initial bid, t1.  
A second potential violation of the underlying assumption of the double-bounded 
dichotomous choice model can be attributed to the shift effect (Alberini, Kanninen and 
Carson 1997; Whitehead 2002). As expounded by Alberini, Kanninen and Carson (1997), 
shift effect occurs when a participant’s WTP shifts between the two responses. In this 
case, the follow-up valuation questions do not induce subjects to reveal their true WTP. 
In the presence of a shift effect, a subject’s true WTP is equal to their stated WTP with a 
shift (Whitehead 2002), given as:  
𝑊𝑇𝑃2 = 𝑊𝑇𝑃1 + 𝛿 (16) 
where δ is the shift parameter. In relation to this study, this phenomenon could happen if 
the second valuation bids were not incentive compatible. In the presence of both shift and 
anchoring effects, WTP for the follow-up question becomes: 
𝑊𝑇𝑃2 = 𝑊𝑇𝑃1(1 − 𝛾) + 𝛾𝑡
1 + 𝛿 (17) 
A respondent answers yes to the follow-up question if: 
𝑊𝑇𝑃2 ≥ 𝑡
2 
𝑊𝑇𝑃1(1 − 𝛾) + 𝛾𝑡
1 + 𝛿 ≥ 𝑡2 
𝑊𝑇𝑃1 ≥
𝑡2 − 𝛾𝑡1 − 𝛿
1 − 𝛾
 
 
(18) 
Both starting point bias and shift effect were accounted for in the empirical estimation. 
Starting point bias was controlled for by using two approaches, one proposed by Chien, 
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Huang and Shaw (2005), and the other by Whitehead (2002). Following Chien, Huang 
and Shaw (2005), two bid set dummies were constructed and included in the model for 
the three premium bid sets shown in Table 1. The last bid set ($2.00, $1.20 and $3.00) 
was assigned as the reference dummy. Following Alberini, Kanninen and Carson (1997) 
and Whitehead (2002), the shift effect was empirically determined as the coefficient of a 
dummy variable equal to 1 for the follow-up question, and 0 otherwise, following the 
transformation of the data into a pseudo-panel dataset. The starting point bias which is 
determined by the anchoring weight γ is the coefficient of the interaction effect between 
the dummy variable on the follow-up question and the starting point bid.  
5. Results and Discussion 
Respondents’ choice for their preferred beef labels is examined prior to investigating the 
models’ findings. Recall that participants were randomly assigned to one of the three 
food safety label versions, and had to choose between the ground beef with only the 
standard label (option A), or the ground beef with the standard label and a food safety 
label (option B), as described in Section 2. Participants also had the choice to select 
neither of the two ground beef options. As Figure 2 shows, the most chosen food safety 
label was the ‘uninformative version’ that provided no support for the food safety claims 
made (Safer Choice/Enhance). Nearly 70% of participants in this group chose option B, 
with just about 15% of them choosing option A. A little over 60% of respondents who 
were exposed to the food safety label with the Safer Choice phrase, and additional 
information describing that the ground beef originated from cattle vaccinated against E. 
coli bacteria (Safer Choice/Vaccinated) chose this option. The food safety label that was 
least preferred among the three was the version with the word E. coli with the diagonal 
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strikethrough and additional information describing that the ground beef originated from 
cattle vaccinated against E. coli bacteria (E. coli/Vaccinated). Less than half of 
respondents in this group chose this option, with 37% choosing option A, which 
represented the highest fraction of respondents who chose option A.   
 
Figure 2. Response to Ground Beef Options 
The results suggest that accurate or detailed information about a process attribute or a 
food safety enhancing production process may not necessarily win over consumers. 
These findings are consistent with the positive consumer opinions associated with food 
labels without standardized interpretations, or with ambiguous claims such as the “All 
Natural” claim (Liu et al. 2017). As Kahan et al. (2007) assert, factual information about 
new food technologies should be framed in a manner that allays concerns about such 
technologies. Very likely, the E. coli/Vaccinated label may have achieved the opposite 
effect for some respondents and possibly heightened their concerns. Another hypothesis 
could be the varied interpretations ‘vaccines’ or ‘E. coli’ are subjected, despite the 
precise description of the vaccine intervention. What appears obvious, however, is that 
37.1%
23.0%
15.1%
47.0%
61.5%
69.2%
15.9%
15.5%
15.8%
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consumers’ response may be more drastic towards labels that highlight a contaminant 
they wish to avoid. As it turned out, highlighting E. coli on the label was likely to be 
perceived negatively, even though the E. coli/Vaccinated label communicated that the 
product was safe from the bacteria. 
Table 5 reports actual count or frequencies for respondents’ choices based on the 
type of label they were exposed to. A Chi-square test was used to test for differences 
among responses; test results were significant at better than the 1% level (Table 5), 
indicating that differences in response among the food safety labels are significant and 
not due to chance. Key demographic characteristics such as income, age, and education 
were not statistically different from each other among participants in the three food safety 
label versions (see tests in section III of the Appendix). Consequently, we can conclude 
that a participant’s choice was not independent of the type of food safety label they had 
been exposed to. 
 Table 5. Statistics of Subjects’ Response to Ground Beef Options 
 Option A Option B Not purchase Total 
Safer choice/Enhance 22 
15.07% 
101 
69.18% 
23 
15.75% 
146 
100.00% 
Safer choice/Vaccinated 34 
22.97% 
91 
61.49% 
23 
15.54% 
148 
100.00% 
E. coli/Vaccinated 56 
37.09% 
71 
47.02% 
24 
15.89% 
151 
100.00% 
Total 112 
25.17% 
263 
59.10% 
70 
15.73% 
445 
100.00% 
Pearson Chi-square = 21.11     p-value = 0.000 
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Among respondents who chose option B (the standard label plus a food safety label), 
there was consistency in the distribution of their answers across the three initial bids, as 
displayed in Figure 3. Each respondent answered a dichotomous Yes/No question about 
paying a premium amount equal to an initial bid, with this starting bid assigned randomly 
from the three initial bid amounts shown in Table 1. More than 60% of respondents who 
were assigned a premium bid of 80 cents for a pound of ground beef with a food safety 
label were willing to pay that amount, compared to about a third in this group who 
answered No. Responses were similar among participants who received the premium 
amounts of $1.20 and $2.00, in terms of both Yes and No answers.  
 
Figure 3. Distribution of Initial Bids for Participants who Chose Option B 
Figure 4 shows the distribution of responses to the follow-up premium bids, 
which were asked contingent on the response to the initial bid.25 About 67% of 
                                                 
25 $0.40 and $0.80 were assigned to respondents who answered No to an initial bid of $0.80 and $1.20, 
respectively. A second bid of $1.20 could be in response to a Yes answer to an initial bid of $0.80, or No to 
an initial bid of $2.00. Second bids of $2.00 and $3.00 were in response to an initial bid of $1.20 and $2.00, 
respectively. 
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respondents who were asked about their WTP a second bid of $0.40 extra for the ground 
beef in option B answered Yes, compared to the roughly 30% who rejected the bid. More 
than two thirds of respondents who were assigned a second bid of $0.80 answered No to 
this amount, having responded No to the initial bid of $1.20. For the remaining three 
second bids ($1.20, $2.00, and $3.00), approximately half of respondents who saw each 
of these second bids answered Yes.  
 
Figure 4. Distribution of Follow-Up Bid for Participants who Chose Option B 
5.1 Multinomial Logit Results 
This section presents results from the multinomial logit model which examines choices 
for the ground beef with the standard label (option A), the standard label plus a food 
safety label (option B), and the option to purchase neither. Option A was designated as 
the reference category, and option B and the ‘Purchase neither’ option were measured 
against it. The results are displayed in Table 6, showing both the estimates for the 
regressors as well as the odds ratios.  
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Compared to the group that saw the food safety label E. coli/Vaccinated, those in 
the Safer Choice/Enhance or Safer Choice/Vaccinated food safety label versions were 
more likely to choose option B than option A. Being in the Safer Choice/Enhance group,  
which recall provided no justification for the safety claims made, significantly increased 
the odds of participants choosing option B. Participants in this group were 4.41 times 
more likely to choose option B relative to option A, and 2.45 times more likely to choose 
the neither option compared to option A, both significant at the 5% level or better. 
Participants in the Safer Choice/Vaccinated group, whose label included information 
about the use of vaccines to reduce E. coli risk as a justification for the safer choice claim 
were also more likely to choose option B, although the odds ratio for this group at 1.89 
was lower than that of the Safer Choice/Enhance group.  
The fact that participants who received the ‘unsubstantiated’ food safety label 
without the words ‘vaccines’ or ‘E. coli’ (Safer Choice/Enhance) were more likely to 
choose this version, compared to those who were exposed to the more informative 
versions may hint at how such interventions can be labeled. Frequency of reading food 
labels, acceptance of animal vaccines and preferences for how well beef burgers should 
be cooked were all statistically significant in determining the likelihood of choosing 
option B. For every level up the scale of the frequency of reading food labels, the partial 
odds of choosing option B relative to option A increased by a factor of 1.79. Similarly, 
participants who frequently read food labels were 1.75 times more likely to choose 
neither beef option, compared to option A. Given that all participants are consumers of 
ground beef, the increase in the odds of food label readers in choosing neither of the 
ground beef options is an outcome that would require further investigation. As expected, 
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participants who are accepting of animal vaccines were more likely to choose option B, 
with a 51% increase in their odds. Although significant at the 10% level, the more 
participants preferred their beef burgers well cooked, the more likely they were to choose 
option B relative to option A. While it cannot be concluded that consumers who like their 
beef burgers well-cooked do so predominantly for safety reasons, there is nonetheless 
some level of association between this characteristic and choosing the ground beef in 
option B. 
Table 6. Multinomial Logit Results for the Three Labeling Choices 
 Choose Option B Choose neither option 
Parameter Estimate Odds ratio Estimate Odds ratio 
Intercept -5.7008***  
(1.2621) 
 -7.1452*** 
(1.9240) 
 
Food safety label 
Safer choice enhance 1.4835***    
(0.3379) 
4.4082    0.8948** 
(0.4413) 
2.4468    
Safer choice vaccines 0.6361**    
(0.2955) 
1.8890    0.3139    
(0.4082) 
1.3687     
Attitudes, knowledge & opinion 
Personal health issues -0.0794    
(0.1677) 
0.9236    0.0957    
(0.2299) 
1.1004    
Food labels   -0.2440   
(0.2006) 
0.7835    -0.1266    
(0.2723) 
0.8811      
Read labels 0.5847***   
(0.2146) 
1.7943    0.5600**    
(0.2831) 
1.7506    
Knowledge vaccines -0.0622   
(0.1537) 
0.9397    0.1232    
(0.2012) 
1.1311    
Accept vaccines 0.4118***  
(0.1269)        
1.5095    -0.1780    
0.1610     
0.8369    
Burgers cooked 0.3146* 
(0.1657)         
1.3697    0.2283    
0.2258      
1.2564    
Opinion about the government’s role 
Label vaccines 0.3373***   
(0.1174) 
1.4012    0.4429***    
(0.1652) 
1.5573    
Mandate vaccines 0.3745***   
(0.1156) 
1.4543    -0.0590    
(0.1420) 
0.9427    
Demographics 
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Primary shopper 0.5572   
(0.4433) 
1.7458     1.0779    
(0.8256) 
2.9384     
Child at home -0.2690  
0.2877       
0.7641    -0.3787  
0.3928       
0.6848    
College 0.17164 
(0.3487)         
1.1873    0.4403    
0.5043      
1.5532    
Male 0.6240**  
(0.2820)   
1.8664 0.1070 
0.3894          
1.1129    
Income 0.0067**  
(0.0031)        
1.0068    0.0031 
0.0041         
1.0031    
Age -0.0132 
(0.0087)        
0.9869     -0.0064 
0.0117        
0.9936    
Location 
Shopping district 0.0438  
(0.3799)         
1.0448    1.2766    
0.8286      
3.5846    
Natural Foods store 0.1319 
(0.4312)         
1.1410    2.0621** 
0.8264         
7.8628    
Mid-low income area -0.2527 
(0.4334)        
0.7767    1.6943** 
0.8566         
5.4429    
∗ Estimated coefficient is significant at the 10% level. ∗∗At the 5%significance level. ∗∗∗At the 1% significance level. 
Standard errors are given in parentheses.  
Note: Reference category: Option A (ground beef with only the standard label) 
Participants who wanted beef products treated with vaccines labeled as such, were 
also 1.40 times more likely to choose option B, relative to option A. An interesting 
finding is that participants in this group also had a 56% increase in their odds of choosing 
neither of the two options, relative to option A. It can thus be inferred that consumers in 
the latter group might prefer having the vaccine intervention indicated on a beef label in 
order to avoid it, likely the result of their concerns about these interventions. This result 
is similar to Lusk and Fox (2002) who found a strong demand to mandatorily label beef 
products treated with hormones. Another interesting finding is that participants who 
advocated for vaccines against E. coli to be mandatorily adopted had a 45% increase in 
their odds of choosing option B, relative to option A. Regarding demographics, Male and 
Income were the two variables that emerged significant at the 5% level. Males were more 
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likely to choose option B compared to option A. Regardless of household income, there 
was a similar likelihood in choosing either option A or B, with the odds ratio equal to 1.  
The final segment in Table 6 are variables related to the venue of the grocery 
store visited. The two grocery stores located in two different affluent neighborhoods were 
considered as one location, and was assigned as the reference category. Relative to the 
grocery stores in the upscale suburban neighborhoods, shoppers in the natural foods store 
were 7.86 times more likely to choose neither of the ground beef options, relative to 
option A. Even though this is not an entirely surprising finding, it also suggest that such 
consumers would be more difficult to convince concerning food safety technologies. In a 
similar result, shoppers in the store located in the mid-low income area were also more 
likely to opt for neither of the two ground beef options, compared to shoppers in the 
suburban communities. These results indicate diversity in preferences among shoppers 
sampled for the study. 
5.2 Double-bounded Contingent Valuation Results 
Responses of 263 participants who chose option B only (i.e., the ground beef with 
standard label plus a food safety label) were analyzed using the DBCV method, results of 
which are shown in Table 7. Three variations of the model were estimated. First, a basic 
model (Model I) which did not control for anchoring (starting point bias) and shift effects 
was estimated. The second model (Model II) controls for starting point bias using Chien, 
Huang and Shaw’s (2005) approach with the bid set dummies, while the third model 
(Model III) controls for both anchoring and shift effects following Alberini, Kanninen 
and Carson (1997) and Whitehead (2002). The coefficients of the bid set dummies in 
Model II are both statistically significant at better than the 1% level, an indication of 
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starting point bias in the data. The coefficient of the anchoring weight (γ) and the shift 
parameter (δ) in Model III are also statistically significant at better than the 1% level. The 
positive coefficient of the anchoring weight parameter suggest that response to the second 
bid was anchored to the first (Herriges and Shogren 1996; Whitehead 2002). The 
significant shift effect parameter also indicates that subjects’ WTP shifted between the 
two valuation questions. Thus, Models II and III are superior to Model I, the standard 
model. 
  The type of food safety label participants were exposed to was controlled for in 
the models using two dummy variables. The reference dummy was assigned as the E. 
coli/Vaccinated food safety label. Respondents randomly assigned to the Safer 
Choice/Enhance food safety label were willing to pay more, in both Models II and III, 
compared to respondents who saw the E. coli/Vaccinated label, a further indication that 
the food safety label with no justification about the food safety claim was more 
appealing. The coefficient of the Safer Choice/Vaccinated label was not statistically 
significant, relative to the E.coli/Vaccinated label version in all three models.  
 In relation to respondents’ attitudes, knowledge and opinion, those who rated 
personal health issues as important in food purchasing decisions were also willing to pay 
more for the ground beef with a food safety label. Being more accepting of the use of 
animal vaccines in food production methods lowered marginal WTP, which was 
significant in all three models at the 5.4% significance level or better. This outcome is 
somewhat surprising, and suggests that support for a production process or attribute may 
not necessarily translate into a higher WTP for that attribute. Other studies show that 
support for a good or a policy is not always accompanied by a higher WTP for them. For 
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example, Lusk and Fox (2002) found that while consumers favored mandatory labels for 
beef products from hormone-induced cattle as well as cattle fed GM corn, they were 
reluctant to pay more to have such products differentiated. In our study, however, support 
for labeling vaccines translated into higher WTP in all three models. This result mirrors 
findings from the literature reporting that the ‘Contains’ label exerted a negative effect on 
bidding behavior even when it was complemented with positive information (Liaukonyte 
et al. 2013). The difference here is that vaccination may be seen as a desirable attribute 
among respondents who would like to have them labeled on meat products. The 
remaining two variables that considered opinions about the government’s role were not 
statistically significant in all three models.  
 Among demographics variables, College was statistically significant in Model III 
at the 1.5% level of significance. It is remarkable though, that the coefficient of this 
variable is negative, suggesting that respondents who had a college background or higher 
were willing to pay less for ground beef with a food safety label. Albeit this finding calls 
for further investigation, the fact that more educated respondents were willing to pay less 
does not necessarily indicate an aversion for the food safety label, or the vaccine 
intervention. It could potentially suggest that highly educated respondents were also more 
likely to question or doubt the E. coli reduction claim from vaccine use on the food safety 
label, or the unsupported claim about enhanced safety from cattle raised under strict 
health standards, to warrant an extra cost to them. The statistically significant Income 
variable in Models I and III indicate a higher WTP among respondents with high 
household incomes.   
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 The grocery shop location variables were significant in all three models at the 
10% level or better, relative to the more affluent locations designated as the reference 
category. Shoppers in the mid-low income area had a higher marginal WTP for a food 
safety label compared to those in the high income location. The most striking result, 
however, was that of the natural food shoppers, whose marginal contribution to WTP 
surpassed those in the shopping district and the mid-low income area, relative to the 
shoppers sampled from the more affluent districts. It is plausible to suggest that since the 
natural food shoppers are understandably the most concerned about healthy foods, those 
in this group who chose the ground beef in option B were also willing to pay more for 
them, compared to shoppers in the affluent stores. The location variables were interacted 
with the food safety label variables to investigate interaction effects between grocery 
store location and the type of food safety label shoppers chose. The interaction effects 
were not statistically significant in any of the three model variations, and a likelihood 
ratio test concluded that the interaction models were not significantly different from 
models without interaction.  
Table 7. Results from Double-Bounded Contingent Valuation  
 Model I 
Standard Model 
Model II 
With bid set dummies 
Model III 
Anchoring & shift  
Variable Estimate p-value Estimate p-value Estimate p-value 
Intercept  -0.405 0.563 0.081 0.891 -0.363 0.431 
Food safety label 
Safer choice enhance 0.324 0.121 0.346 0.048 0.328 0.016 
Safer choice vaccines 0.155 0.461 0.183 0.300 0.174 0.206 
Attitudes, knowledge & opinion 
Personal health issues 0.329 0.002 0.255 0.005 0.296 0.000 
Read labels 0.100 0.404 0.098 0.328 0.097 0.215 
Accept vaccines -0.163 0.046 -0.132 0.054 -0.151 0.005 
Opinions about the government’s role 
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Label vaccines 0.230 0.020 0.233 0.006 0.229 0.000 
Mandate vaccines 0.062 0.440 0.028 0.676 0.049 0.356 
Ensure safety -0.069 0.439 -0.024 0.751 -0.052 0.378 
Demographics 
College -0.431 0.058 -0.267 0.165 -0.364 0.015 
Income 0.003 0.092 0.002 0.185 0.002 0.036 
Children at home 0.093 0.595 0.091 0.536 0.098 0.390 
Location 
Shopping district 0.454 0.060 0.370 0.073 0.389 0.014 
Natural Foods store 0.895 0.001 0.732 0.001 0.802 0.000 
Mid-low income area 0.724 0.008 0.719 0.002 0.702 0.000 
Bid set dummies 
bid11  
  
-0.841 0.000 
  
bid12  
  
-0.792 0.000 
  
Anchoring and shift effects 
Anchoring (γ) 
    
0.711 0.000 
Shift (δ) 
    
-0.986 0.000 
Log likelihood -343.81                      -330.85                      -677.59                      
 
Associated mean WTP estimates for the three model variations for a pound of 
ground beef with a food safety label given individual characteristics are displayed in 
Table 8. The point estimates are comparable across the models, from $1.61 to $1.64. The 
WTP estimate from the standard model (Model I) has the widest 95% confidence 
interval, from $1.49 to $1.80. However, a t-test concluded that predicted values from 
Model I were not significantly different from Model II at the 5% level of significance, 
and likewise between Model I and Model III. Using the result from Model III, 
respondents on average were willing to pay a price premium of $1.63 for a pound of 
ground beef with a food safety label, which represents a 38% price premium over the 
average price of $4.30 per pound of ground beef with the standard label as given in the 
survey. Nayga, Aiew and Woodward (2004) found that Texas consumers were willing to 
pay 75 cents to 78 cents as premium amounts for a pound of irradiated ground beef. 
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Other studies have concluded that consumers were willing to pay a premium price for 
ground beef with the irradiation intervention (Huang, Wolfe, and McKissick 2007; 
Nayga, Poghosyan and Nichols 2002).  
Table 8. Estimates of Mean WTP 
Mean WTP estimate Model I 
Basic Model 
Model II 
With bid set dummies 
Model III 
Anchoring & shift 
Mean WTP $1.64 $1.61 $1.63 
Lower 95% CI $1.49 $1.48 $1.52 
Upper 95% CI $1.80 $1.74 $1.73 
Given consumer interest in beef labels that communicate quality and safety 
(Verbeke, and Ward 2006), our findings that respondents are willing to pay a premium 
price for ground beef with an additional food safety label is consistent with the general 
demand for safe food. However, the main issue of interest is participants’ response to 
each of the three food safety label versions, and how they valued ground beef with these 
labels. To answer this, price premiums for each food safety label were estimated using 
results from Model III, and are shown in Table 9. The highest average price premium was 
$1.77, recorded for the ground beef product with the uninformative food safety claim 
(Safer Choice/Enhance). Participants exposed to the Safer Choice/Vaccinated food safety 
label were willing to pay an average of $1.62 more for this option. A notable result was 
the response from participants in the group who saw the E. coli/Vaccinated food safety 
label version, who were willing to pay $1.44 as price premium for a pound of ground 
beef with this label, approximately 19% lower than the price premium for the food safety 
label without the words “vaccines” or “E. coli” (Safer Choice/Enhance). While the 95% 
confidence interval for the Safer Choice/Vaccinated food label overlaps with the Safer 
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Choice/Enhance version, the latter overlaps only slightly with the confidence interval for 
the E. coli/Vaccinated food safety label.  
Table 9. Estimates of Mean WTP for the Food Safety Labels 
Mean WTP estimate Safer Choice/ 
Enhance 
Safer Choice/ 
Vaccinated 
E. coli/Vaccinated 
Mean WTP $1.77 $1.62 $1.44 
Lower 95% CI $1.60 $1.44 $1.24 
Upper 95% CI $1.94 $1.79 $1.65 
Overall, our results show that labels that make a positive claim about a food product 
by providing vague information that is not necessarily substantiated could command 
higher premiums, compared to factual and accurate information that also emphasizes the 
positive attributes of the same intervention. As Liaukonyte et al. (2013) note, positive 
information about contested food production processes may not be enough to mitigate 
consumer biases. Even though vaccine use in animal production has not attracted 
widespread public debate compared to other interventions and production processes, 
there are concerns about their health impacts on humans, which might perhaps have 
influenced respondents’ perceptions of ground beef products from vaccinated cattle. 
6. Preference for Standard Labeled Ground Beef 
6.1 Willingness to accept a discount 
Table 10 shows the count and frequency for the discount bids among participants who 
chose the ground beef with the standard label (option A), but indicated a willingness to 
purchase option B (standard label and a food safety label) only at a discounted price if 
that was their only choice. The range of discounts is shown in Table 2. In total, there 
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were 65 such respondents, which represents 15% of all participants, and 58% of those 
who chose option A. Nearly 82% of participants in this group answered Yes to the first 
discount amount compared to the about 18% who answered No.  
Table 10. Count and Frequency of Discount Response 
                           Discount 2 
Discount 1 No Yes Total 
No 6 
37.50% 
6 
12.24% 
12 
18.46% 
Yes 10 
65.50% 
43 
87.76% 
53 
81.54% 
Total 16 
100.00% 
49 
100.00% 
65 
100.00% 
This suggest that many respondents who were not strongly convinced about the 
additional food safety label were willing to accept a price discount to choose them. Six 
respondents, however, answered No to both discount questions, despite indicating a 
willingness to accept a discount if that was their only option. Six other respondents 
answered No to the initial discount offers, but Yes to higher discount amounts. In 
general, the willingness to accept discounts for the ground beef in Option B by 
participants who did not initially choose this alternative shows the diversity of opinions 
and perceptions concerning the food safety labeling cues.  
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6.2 Qualitative Response to Food Safety Labels 
To shed further insights into subjects’ labeling preferences, participants who chose 
ground beef option A (with the standard label only), and were unwilling to purchase 
option B even at a discount (46 participants in all, which is approximately 10.3% of the 
total sample) were requested to provide reasons for this choice [32 participants saw the E. 
coli/Vaccinated label version, 11 saw the Safer Choice/Vaccinated version, and 3 saw the 
Safer Choice/Enhance version]. Consistent with findings in Figure 2, the majority of the 
comments received were from participants who were randomly assigned to the E. 
coli/Vaccinated food safety label version (see select comments in section IV of the 
Appendix). Among these participants, their concerns were generally about the design of 
the food safety label and their uncertainty about animal vaccines. Such respondents noted 
that the label repulsed them, appeared scary, or was poorly designed. What is perhaps a 
significant concern were respondents misreading the food safety label, with remarks that 
suggested that the ground beef in option B contained harmful E. coli, harbored foodborne 
illness, or that vaccines were directly injected in the ground beef, rather than the cattle; an 
indication that these respondents did not read the additional information provided in the 
label. Other participants also indicated that cooking meat properly kills E. coli bacteria, 
or that vaccinations and other food safety interventions are poor production practices. 
The Safer Choice/Vaccinated food safety label elicited fewer comments, but they 
suggested aversion or doubts about the use of animal vaccines.  
7. Conclusions 
Despite evidence that consumers value safe food products, communicating food safety 
enhancing attributes/technologies on labels has remained difficult, partly due to 
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insufficient understanding or apprehension of food safety interventions. Building on and 
extending previous studies that show that consumers are willing to pay for specific food 
safety interventions (Nayga, Poghosyan and Nichols 2002; Nayga, Aiew, and Woodward 
2004; Huang, Wolfe, and McKissick 2007) when they are provided with information 
about them, this study explored ways to effectively communicate food safety attributes 
through different labeling cues, and determined consumers’ response and their WTP for 
such attributes. Using the case of vaccines against E. coli as an intervention proven to 
mitigate E. coli contamination in beef products, a hypothetical survey was designed and 
administered in five grocery stores. The survey asked shoppers to choose between two 
types of ground beef; one with a standard/generic label, and one that in addition to the 
standard label also had a food safety label. Three such food safety labels were designed 
and randomly assigned to participants. The first label provided unsupported claims about 
the safety of the ground beef product (Safer Choice/Enhance). The remaining two labels 
(Safer Choice/Vaccinated and E. coli/Vaccinated) provided information about the use of 
animal vaccines to corroborate food safety claims, differing in that one provided a 
positive message of food safety ( ‘Safer Choice’) while the other tried to communicate 
the absence of a harmful bacteria in the product (‘E. coli’ with a strikethrough). 
For respondents exposed to the Safer Choice/Enhance food safety label with the 
uninformative claim of safety, 69% of them opted for this alternative, while about 62% of 
respondents exposed to the ground beef with the Safer Choice/Vaccinated food safety 
label chose this option. In contrast, less than half of participants (47%) in the last group 
chose the E. coli/Vaccinated food safety label. These results offer some insights into food 
safety labeling decisions; providing detailed information about food safety technologies 
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may not necessarily appeal to consumers. In our study, the most preferred label was the 
one that did not provide information about the intervention and its role in enhancing food 
safety. These findings align with Kahan et al. (2007) who suggest a careful framing of 
technologies in a manner that is assuring to consumers and alleviates potential concerns. 
Even though the E. coli/Vaccinated food safety label was the least liked among 
participants who were exposed to them, participants who nevertheless chose this label 
over the ground beef with the standard label had higher household incomes, than those 
who were assigned to, and chose the other two food safety labels. 
 Results also show that participants were willing to pay as much as 38% on 
average, as price premium for the ground beef with a food safety label. Participants who 
were exposed to, and who chose the Safer Choice/Enhance food safety label were willing 
to pay the highest price premium of $1.77, compared to those shown the other two food 
safety label versions. With such a high valuation of ground beef with a food safety label 
option, its presence in retail markets could potentially drive down the price of regular 
beef, drawing parallels with findings from Kanter, Messer and Kaiser (2009) who found 
in an experimental study that the presence of rBST-free milk reduced WTP for 
conventional milk. Another interesting finding is that preferences and WTP for safer 
foods may not follow conventional demographic patterns. For example, participants who 
had a high school education or less were willing to pay more for a food safety label, 
relative to those with higher educational backgrounds. We also found that participants in 
stores located in mid-low income areas and shoppers in natural food stores who chose the 
ground beef with a food safety label were willing to pay a higher price for them, relative 
to shoppers in stores located in more affluent neighborhoods.  
120 
  
 
 
 However, having approximately a quarter of respondents choose the ground beef 
with the standard label also underscores the challenge of labeling food safety attributes. 
Among these participants, the majority indicated a willingness to purchase the ground 
beef with a food safety label at a discount if that was their only choice. Participants’ 
concerns about the ground beef option with the additional food safety label in this case 
included mistrust or skepticism for vaccinations particularly among those who saw the 
labels with the precise description of the intervention, or some level of uncertainty among 
participants exposed to the label that made “unsubstantiated” claims about safety. 
Remarks shared by respondents who were completely opposed to ground beef with a 
food safety label, and would not purchase it even at a discount, echoed their aversion for 
vaccinations for a variety of reasons. These remarks included comments that suggested 
participants’ doubts of the food safety labels, and insufficient knowledge of vaccines.  
Pieced together, these findings suggest a potential market for beef products with 
additional food safety attributes, and a consumer segment willing to pay more for such 
products. Appealing to this segment will nevertheless require a tactful framing of 
information on such food labels; one that simultaneously eases consumers’ doubts and 
signals the enhanced safety of the product. Our results should be interpreted with caution 
given the limited consumer pool used in the study, as well as its regional focus. Future 
research could further explore consumer attitudes towards different label designs and 
target a sample that better reflects the demographics of the United States.  
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APPENDIX 
I. Food safety label versions 
 
First version of option B: ‘Safer Choice/Enhance’ provides no information to support the food safety claim.  
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Second version of Option B:  ‘Safer Choice/Vaccinated’ provides more precise description of the vaccine intervention 
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Third version of Option B:  ‘E. coli/Vaccinated’ also provides more precise description of the vaccine intervention 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPTION A 
 
OPTION B 
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II. Household income comparison between Options A & B 
Two-sample t test with equal variances for income 
Group  Obs    Mean Std.  
Error 
Std. Dev 95% Conf. Interval 
Option A 111 49.66 4.17 43.97 41.39 57.93 
Option B -
(E.coli/vaccinated) 
71 66.20 7.58 63.86 51.08 81.31 
Combined 182 56.11 3.93 53.08 48.35 63.88 
Diff  -16.54 7.99  -32.30 -0.76 
 
diff = mean(1) - mean(2)                                      t =  -2.0685 
Ho: diff = 0                                        degrees of freedom =      180 
 
 Ha: diff < 0                   Ha: diff ≠ 0                        Ha: diff > 0 
 Pr(T < t) = 0.0200         Pr(|T| > |t|) = 0.0400          Pr(T > t) = 0.9800 
 
Group  Obs    Mean Std.  
Error 
Std. Dev 95% Conf. Interval 
Option A 111 49.66 4.17 43.97 41.39 57.93 
Option B - (Safer 
choice/vaccinated) 
91 52.75 4.96 47.28 42.90 62.59 
Combined 202 51.05 3.19 45.40 44.75 57.35 
Diff  -3.09 6.43  -15.77 9.60 
 
diff = mean(1) - mean(2)                                      t =  -0.4796 
Ho: diff = 0                                        degrees of freedom =      200 
 
 Ha: diff < 0                   Ha: diff ≠ 0                        Ha: diff > 0 
 Pr(T < t) = 0.3160         Pr(|T| > |t|) = 0.6320          Pr(T > t) = 0.6840 
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Group  Obs    Mean Std.  
Error 
Std. Dev 95% Conf. Interval 
Option A 111 49.66 4.17 43.97 41.39 57.93 
Option B - (Safer 
choice/enhance) 
101 64.11 5.51 55.33 53.19 75.03 
Combined 212 56.54 3.44 50.11 49.76 63.33 
Diff  -14.45 6.83  -27.92 -0.97 
 
diff = mean(1) - mean(2)                                      t =  -2.1137 
Ho: diff = 0                                        degrees of freedom =      210 
 
 Ha: diff < 0                   Ha: diff ≠ 0                        Ha: diff > 0 
 Pr(T < t) = 0.0179         Pr(|T| > |t|) = 0.0357          Pr(T > t) = 0.9821 
 
 
III. Demographic differences among the food label version groups 
 
Chi square test – Educational background 
Food safety label  
High school 
or less 
Some college 
or higher Total 
Safer Choice/Enhance 22.32 77.68 100 
Safer Choice/Vaccinated 17.49 82.51 100 
E. coli/Vaccinated 11.43 88.57 100 
Total  17.75 82.25 100 
    
          Pearson chi2(2) =   3.5309   Pr = 0.171 
 
 
Analysis of Variance – Household income 
Source SS df MS F Prob > F 
Between groups 1544.19 2 772.095 0.29 0.7451 
Within groups 1156541 441 2622.543   
Total 1158086 443 2614.189   
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Analysis of Variance - Age 
Source SS df MS F Prob > F 
Between groups 93.29408 2 46.64704 0.17 0.8458 
Within groups 123106.4 442 278.5213   
Total 123199.7 444 277.4769   
 
 
IV. Select comments from participants about the food safety label versions  
 
Selection of comments from participants averse to the Safer Choice/Vaccinated label 
version 
It looks scary 
How do I know 100% what the cattle were vaccinated with 
I don’t think E. coli vaccine prevents E. coli infections in meat 
Only eat natural, farm raised beef, no antibiotics. Grass fed, free to roam 
I do not trust vaccinated meat 
 
Selection of comments from participants averse to the E. coli/Vaccinated label 
version 
Not necessary to vaccinate for E. coli 
Because it has an illness, and no one would like to eat something that will get them 
sick 
Vaccines and medicinal treatments for animals are generally poor practices 
E. coli can be killed using proper cooking and handling techniques 
Just seeing the word E. coli turns me off 
Clearly states it contains E. coli which is harmful 
Bad label design. At a glance it’s got a bit E. coli sticker on it 
I do not like meat that is vaccinated 
I only purchase “healthy” beef 
The label advertising the “No E. coli” seems a bit odd and a little scary, so to speak 
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SUMMARY 
This dissertation examines factors that influence consumer food safety perceptions 
and willingness to pay (WTP) for beef products from cattle vaccinated against E.coli 
O157 and fed direct-fed microbials. Vaccines against E. coli and the use of direct-fed 
microbials have been approved for use by the United States Department of 
Agriculture (USDA) and the Food and Drug Administration (FDA), respectively, 
and could potentially cut human cases of infection by as much as 85%. Thus, 
understanding consumer perceptions of, and attitudes towards these interventions is 
important for the evaluation of the market and consumer welfare impacts. The study 
also evaluates the influence of message framing and involvement elicitation (using a 
food safety related media story) on consumer perceptions and WTP for these 
interventions. Finally, we examine attitudes and willingness to pay a price premium 
for ground beef with different food safety labeling cues.  
We find that both loss-framed and gain-framed messages are persuasive in 
influencing consumers’ perceptions of vaccines and direct-fed microbials, even 
though the persuasive influence of the loss-framed message is stronger. The loss-
framed message, and the combined loss-framed message and a media story also 
induced the highest willingness to pay for beef products treated with the two 
interventions. Findings further highlight the role trusted sources of information play 
in influencing attitudes towards food safety interventions. Consumers who place high 
trust in institutions like the FDA or scientists in universities as sources of accurate 
food safety information were more likely to rate as very safe meat products from 
cattle treated with the above interventions, suggesting that such entities may be better 
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placed in disseminating the benefits of new food safety technologies. Results also 
show consumer preference and willingness to pay a price premium for food safety 
labels that provide a positive but unsupported food safety claims. Despite consumer 
acceptance and willingness to pay for beef products with the vaccines and direct-fed 
microbials attributes, it is important that developers of these technologies frame or 
label them in a manner that allays potential consumer concerns.  
 
 
 
 
 
 
